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groups and which would be of use in the estimation of radiation 
prognosis 

Mottram (1913), Holthuscn (1921), Regaud (1923), Strangeways 
and Hopwood (1926) and Vintcmberger (1928) have described 
various stages of mitosis as being the most susceptible to irradiation 
All are agreed, however, that mitosis is the most and the resting 
phase the least vulnerable to its action Dustin (1930) says that 
the most vulnerable cells are those m which the chromatin is 
en voie de condensation soit chromosomiale (caryocynesc), soit 
prepycnotique Maishak and Bollman (1936) have suggested 
that the amount of uradiation absorbed will be directly proportional 
to the amount of chromatin in the nucleus Scott (1930) has shown 
that the nuclear chromatin corresponds to the inorganic material 
remaining after incineration, and Scott and Homing (1932) report 
that the inorganic content of malignant breast cells is higher than 
that of benign 

With the well established observation that malignant nuclei 
are more kajmatoxjqihil than normal nuclei there is enough evidence 
to indicate that both the staining properties and the inorganic ash 
content of malignant nuclei may afford an index to their radio- 
sensitmty The degree of hsematoxypliil staining of a section 
varies until the nature and maturity of the stam used, and from 
technician to technician, and is therefore of little value in the 
estimation of comparative radiosensitivity Accordingly attention 
was turned to the inorganic nuclear constituents as demonstrated 
by micro-mcmeration 

Cathie and Davson (1937) have pubhshed recently the findings 
after micro-incineration m a small preliminary senes of 19 cases 
of basal cell and squamous cell carcinoma of which the radiation 
lethal dosage was accurately known They found that there was a 
difference m the amount of ash left, the basal cell growths always 
showing a higher ash content than the squamous cancer They 
also found that the distribution of ash in the individual nuclei 
tended to be different In the basal cells the ash was scattered 
diffusely throughout the nucleus as a smear, m the squamous 
cells it was concentrated at the periphery of the nucleus, producmg 
a ring appearance The basal cell tumours all had lower lethal 
dosages than the epitheliomas 

This work has been repeated and extended on different types 
of sensitive and resistant tumours and the ash content has been 
correlated with radiosensitivity 

Material and methods 

The material used consisted of the routine biopsies coming to the 
laboratory In addition, to make the rarer growth groups more compre- 
hensive, old blocks of such tumours as lympho-epithehoma and melanoma 
were re-examined 
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Borak’s conclusions concenung the relative sensitivity of parent 
and malignant tissue and explains how a subcutaneous growth 
may be lolled without dehvenng a slun lethal dose 

Eigs 7 and 8 show normal and malignant columnar cells from 
different parts of the same section of a rectal carcinoma The 
malignant cells leave a lngher ash than the normal, again support- 
ing Borak’s statements 

3 Various other tumours of known radiosensitivity were 
incinerated and exammed In the case of the histologically less 
clear-cut types of growth an insuperable difficulty was encountered 
m the shape of lymphocytic infiltration Lymphocytes, polymorphs, 
led blood corpuscles and apparently fibroblasts all have a high ash 
content, and m a diffusely infiltrating or infiltrated growth such 
as a lympho-epithelioma it is impossible to tell from the incinerated 
section the type of cell under observation consequently it was 
found impossible to estimate either total ash or nuclear distribution 
In these cases, of course, reference to the control stained section 
gave no help 


Thymomas, seminomas and lymphosarcomas, at one end of 
the scale, had a very high ash content and the nuclei were all 
of the smear type The ash of the thymomas was considerably 
greater than that of the lymphosarcomas, which in its turn 
was greater than that of the basal cell carcinomas. At the 


resistant end of the scale, the spindle cell sarcomas showed about 
the same amount of ash as the squamous carcinomas It was 
situated m the nuclei, chiefly as the ring type, with an occasional 
smear The ash of the melanomata varied constantly with the 
hannatoxylin staining of the nuclei, and while some were almost 
ash-free others had a high content It has been found impossible 
o pic- out a group of melanomata of less resistance than the 
average, an the variation m their ash content provides no clue 
to their relative radiosensitmty 

+>,c.t„ Q The r hlSt0 l 081 ! 3al : anants of e Pdhehal tumours showed little m 
sensitivvKr C °Th an & i < ^ I ? erences to account for their variations in 
asmuS L I S nUClei f tte S P mdle ceU epitheliomas contained 
th » i ! he normal famous type, possibly even more, while 

? mntS Sh ° Wed no Veciable different 
The tricho -epitheliomas contained remarkablv little ash and 

Siiassf ~ l ' ~ 

sstats •“*-* js 

was usually arranged uTfamt smears ^ the ^ 

xathe^ffiffiXoVil^SZn ZTasT™ "V ? T 

somewhat higher than that of the epitheh^tt^s HuM 
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Ten readings were taken at regular intervals across the selected 
area, and their mean calculated In this way comparable figures 
were obtamed for different types of tumour (table) 


TABIiE 

Photometer readings given by incinerated sections of 28 
representative tumours 



The differences in the amounts of ash m these various types of 
tumour are more easily appreciated from the accompanying graph. 



Graph ahowmg the average amounts of ash in four types of tumour 


of ™ 1 S a i niimber ° f CaS6S qU0ted 18 smaU ’ ^t is representative 
SLntw a T 1 f 1168 examined The figures are possibly not 

b r a T 0f tbe ex P enment al error consequent 
h b r blb ? y t0 observe the measured fields directly. This 
error has been eliminated as far as possible by uniform technique 
and selection of suitable fields for measurement 9 

a ° n f 6 atypiCal readm § s m the above senes it 

may be worth stating that the basal cell carcinoma giving a reading 

fl„ mn rin " 8h very resistant Tto 

columnar cell carcmomas were all resistant with the exception of 
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than the restmg cell Whether this is a false impression produced 
by bunching of the chromatin it is impossible to say, but it may be 
that mitotic vulnerability is due to the bunching, ivlnch enables 
more quanta of irradiation to be absorbed 

Radiotherapeutic controversy is centred at the present time 
around the relative merits of the theories of biological variation 
and quantum lut Briefly, the biological variation theory postulates 
that since the amount of irradiation received by each cell in a 
growth is the same per umt area the cells must show an individual 


variation m their capacity for being damaged or lolled by the 
irradiation The quantum lut theory assumes that all the cells 
have an equal capacity for bemg lolled by the irradiation but that 
the amount they receive from cell to cell varies A more precise 
variation of this theory is that there is some especially vulnerable 
spot in the cell, possibly the centnole, upon which a direct hit must 
be registered with one or more quanta 

Considering first the quantum hit theory, it is difficult to 
imagine an area as large as a nucleus not receiving a homogeneous 
dosage of irradiation, and to conceive of the element of chance when 
deahng with such a minute thing as a quantum of radiant energy 
it is necessary to postulate an exceedingly small vulnerable spot in 
the cell Various writers have suggested that this vulnerable spot is 
the centnole, the nucleolus and the Golgi apparatus The theory, 
which has been associated with the names of Crowther (1926), 
Holweck (1929), Lacassagne (1929), Curie (1929) and Mayneord 
(1934), is founded chiefly on the similarity between probabihty curves 
and curves of radiation mortality It must be pointed out that the 
theory has been invented to fit the resemblance of these curves, 
and has no foundation of experimental evidence 

As it stands at the moment the theory of individual variation 
is equally unsatisfactory That cells vary m many ways is a known 
tact as is also the impossibility of producing a homogeneous 
population experimentally The same type of cell vanes in size, 
shape and staining properties as well as m radiosensitivity, and to 
say a ce 8 vai 7 111 their radiosensitivity because they vary 
biologically seems tantamount to saying that cells vary because 


P r ® se _ n t investigation the working hypothesis was 
p ated that the difference m radiosensitmty of vanous types 

a™!™ 8 * the Pre8ence of some substance, varyinfm 

« a t] if ap /f d radiat ions could act The qSion 

direct rad i at inn 6 ° f ^ Cel1 was P ro( * uce<i as a result of the 
irradiation m or ? s ° me mechanism of backscatter or secondary 

St Th ° tvf 0 WltlU ? the SCOpe of the Populate It is felt 

varmtum T 18 substant iated in fact by the finding of the 

variation with radiosensitmty of the nuclear inorganic ash 
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miter suggests that the inorganic nuclear content is the variant 
upon which relative radiosensitivity depends 

Summary 

Work is described to show that the inorganic ash content of a 
malignant tumour, as demonstrated by the technique of micro- 
mcineration, affords an indication of its degree of radiosensitmty 
Current theories of radiosensitmty are briefly discussed, the 
biological variation theory is supported, and it is concluded that 
the variant in question is the amount of moigamc material in 
the nucleus 
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Morphology 

The morphology was studied m prepaiations from cultures from 
single colomes on plain agar slopes cultivated at 37° C and at 
100 m temperature (17-25° C ) The morphology at 30° C. does 
not diffei appreciably from that at 37° C 


Listerelln. Rods about 0 5 p in width, with rounded ends, aunnged 
sin gly> m packets, in groups or in chains No capsules and no spores Smooth 
form After 7 12 hours’ incubation at 37° C , rods fiom 0 5 to 2 4 p pre- 
dominate with occasional longer fotms At 24 houis tho culture consists 
almost entirely of coccobnullaiy forms, 0 5 1 0 p (fig 1) At 48 hours tho 
coccal forms are slightlj more predominant No change occurs after this Jn 
cultures incubated at room temperature the oigamsms divide into small foims 
rather more slowlj, a 24 or 48 haul culture resembling n 12-houi culture 
at 37 C , and even older cultures show bacilli rather than coccal forms 
Rough form Early cultures (7 12 hours) at 37° C consist almost ontnoly 
of long filaments at waging about 00 p Somo of these filamonts can bo 
seen to bo dividmg mto chums of bacilli. At 24 horns, long rods ftom 4-S to 
: (* filomints from 10 to 30 p predomtnato , a few short rods from 

1 5 to 3 0 p are also present (fig 2) At 48 hours, rods from 1 0 to 6 0 g 
predominate short filaments from 10 to 12 p are picsont m modoiato 

ir™ d thPr J^ “ f ° W C0CCal {olmH No furtIl “ breakdown takes placo 
win i ?♦ i rS p uI ‘ ures at room tomporaturo consist of onormous filamonts 
wth little or no tendency to split up mto bacilli (fig 3) Intermediate form 

— 8 *-° — • * ^ 

hl ° nd0r r ° dS fr ° m 0 * *» 0 4 ^ m width, 
Smooth form 12- to 24.1 n gr f. Ur ’ s or chains No cnpsulo and no spores 
0 8-2 0 u. m length I fir* ° U t1 Ur0S consmt predominantly of mmuto rods 
there are rather more^, h t °° camonil! fi ' a monts J„ older cultures 
difference Rough form ’ 12 to * nporaturo cultu res show little 

from 1 5 to 11 u At 24 hours n ° uI l uros sllow oigamsms vaiymg 
while rods (0 8-5 0 «) and short fil 10 to 30 11 prodominat( ’’ 
numbers Older cultures shew i t+i m ? nlS ^ aro Present m about oquol 
show onormous filaments which fid t* Cultui es at room tomporaturo 

form In 7- to 1 2 “ S c 2£ifSt^? Upmt0 ~ <to ^ 7 > *•*■"•“*■* 

At 24 hours filaments from 15 to 25 ^ 0r8ani8ms vai T from 1 5 to 10 p. 

(f'g 4) At 48 hours organisms n ** prodommato > Wlfc b somo rods 1 5 0 0 p 
about 30 p At room tomnernt, r ® a most entirely filamentous, avoiagmg 
to short filaments of 10 to or 8 aniMns var y from rods of 2 to 5 p 

.C a t* 1 f 1 



v.uxnparison 


todf°,l^ptlof„fr^ W r ° r ® lnim “ “> a»m. p0Mtl vc 

or 'P 0 ™ *nd have a mm, Jar arrangement m 



PlaATE III 


Fie 1 — Smooth LislcrcUa (58 XXIII), 24 horn's ftt 37° G Gram X915 

Fig 2 — Rough Listerclla (H Pine) , 24 hours at 37° C Gram X 1)16 

Fig 3 — Rough Listerella (H Pine) , 24 hours at room tempeiature Giaiu 

X915 

Fig 4 — Intermediate Erysipclothnx (32) , 24 horns at 37° C Gram X916 

Fig 6 — Smooth Erystpelothrix (33) , 24 hours at 37° C Gram X 915 

Fig 6 — Intermediate Lislerella (63 XXIII) , 9 hours at loom tempeiature x 916 

Fig 7 —Rough Erystpelothrix (9 36) , 24 hours at room tempeiature Gram 

X 915 


\ 
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raised centre, flattened periphery, matt surface and slightly dentate edge 
and measure about 0 0-1 0 mm (fig 17) No change takes place on further 
incubation 

Aerobic slope cultures at 37° C Llsterella. After 24 hours, thin, smooth, 
confluent, raised, semi-transparent growth After 48 hours, growth is fairly 
profuse Rough forms show sbghtly spreading edge, but otherwise are similar 
Brysipelothrix. After 24 hours, extremely poor growth, partly confluent, 
colourless, transparent, with shglitly irregular surface and slightly dentate 
edge There is only slight improvement m growth on further incubation 
Aerobic broth cultures at 37° C With both Listerella and Erysipelothnx 
growth in broth is similar except m degree The smooth strains show a 
uniform turbidity with slight deposit which disintegrates on shaking The 
rough strains show little or no turbidity, with thread-like masses of deposit 
which are difficult to disintegrate The amount of growth is much greater 
with Listerella- than with Erysipelothnx 

Gelatin stabs All Listerella strains showed a simple filiform growth 
Four of the Erysipelothnx strains showed a lamp-brush type of growth and 
the other two a filiform growth No liquefaction occurred 
Loeffler's serum Growth is similar to that on agar 
MacGonkey’s agar No growth 

Peptone water Listerella strains grow fairly readily, but there was no 
growth of any of the Erysipelothnx strains unless serum was added 

Resistance Listerella All strains survived moist heat at 65° C for 
30 minutes but were killed after 60 minutes at this temperature 

Brysipelothrix. Strains 33 and 6 35 were killed after 10 minutes and 
strains 32 and 9 35, Kolle and M S 3 after 20 minutes at 55° C (moist heat) 
Metabolism Listerella. Aerobic only extremely slight growth under 
anaerobic conditions Growth favoured by glucose, slightly by blood or 
serum Optimum temperature for growth 30-37° C Growth takes place 
between 20 and 44° C 

Erysipelothnx. Micro-aerophilic grows under aerobic and rather less 
well under anaerobic conditions Growth favoured by glucose, shglitly by 
blood or serum Optimum temperature for growth 30-37° C Growth takes 
place from 20 to 42° C 

Hcemolysm production is shown m table I 


Table I 

Hcemolysm production 


Strains 

Blood agar plates 
(48 hours) 

Soluble bsemolysin 

L 58 XXIII 

+ 

+ 

Ii 53 XXIII 



L H Pine 

+ 

+ 

L Schultz 

+ 

+ 

I, Gibson 

+ 

+ 

E 32 

Trace 


E 33 


Trace 

E 6 35 


— 

E 9 35 


— 

E Kolle 


— 

E MS 3 

»» 

— 


For soluble liiemolysm a quahtative test only was carried out One c c 
of an 18-hour broth culture of each strain was mixed with 1 c c of washed , 
horse red blood cells and the mixtures were incubated at 37° C for one hour 





Table II Biochemical characters, 


LISTERBLLA 


58 X.\UI 53 XXIII U Plrle Schultz 


ERYSIPBLOTHRIX 


Monosaccharides — 
Pentoses 
Arablnosc 
Xylose 
Bhamno'C 
Hcxoscs 
Glucose 
Lievtilose 
GaIacto=c 

Dlsaccharldes — 

Sucrose 

JIaltoso 

Lactose 

Trehalose 

Trlsaccharlde — 
Kafllnoso 

Polysaccharides — 
Starch 
Inulln 
Dextrin 
Glj cogen 

Alcohols — 

Trlhydrlc 

Glycerol 

Hcxah}dric 

Mannitol 

Dulcltol 

Sorbitol 

Glucn<lde — 

Sallcln 

Inosltc 
Litmus milk 
Gelatin 
Indole 

Methyl red test 
Mcthjlenc blue reduc- 
tion 

Vogcs Proskaucr re- 
action 
Ammonia 
Hydrogen sulphide 
Catalase 



+ 

+ uenk 


Table III Agglutination reactions 
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Table V 


Leucocyte reactions 



Total 

Polymorphs 

Lymphocytes 

Monocytes 



WBC * 

Per cent 

Absolute 

Per cent 

Absolute 


Eh 


Strain L 58 XXIII 1000 million organisms per kg intravenously Rabbit 38/159 


Pre injection count * 

HRiH 

42 

4,620 

56 

6,160 

3 

330 


After 84 hours 

X 1 1 IB 

38 

1,900 

34 

1,700 

28 

1,400 



ITT ! 1 1m 

46 

5,014 

24 

2,616 

30 

3,270 


„ 132 „ 

it, ml 

54 

6,020 

21 

2,730 

25 

3,250 


„ 12 days 

H « ib 

54 

11,313 

36 

7,542 

10 

2,095 


iq 

»» » 

Eil 

60 

5,220 

35 

2,945 

5 

435 


Strain E 32 300 million organisms per kg mtravenouslj Rabbit 38/169 


Pre-mjection count 

16,400 

30 

4,920 

65 

10,680 

5 

820 


After 110 hours 

8,400 

39 

3,276 

55 

4,620 

6 

504 


„ 134 „ 

21,200 

37 

7,904 

50 

10,600 

13 

2,756 


„ 158 „ 

24,000 

54 

12,960 

24 

5,760 

22 

5,280 


„ 184 „ 

20,000 

55 

11,000 

30 

6,000 

15 

3,000 


„ 13 days 

23,750 

44 

10,450 

46 

10,925 

10 

2,376 


Rabbit paralysed — -killed 







Strain E 33 1500 million organisms per kg intravenously Rabbit 38/93 


Pre-injection count 

10,200 

63 

6,426 

33 

3,366 

4 

408 


After 84 hours 

16,500 

43 

7,095 

50 

8,250 

7 

1,155 


„ 108 „ 


38 

4,142 

38 

4,142 

24 

2,616 


*» 132 t, 

13,900 

50 

6,950 

39 

6,321 

11 

1,529 


„ 9 days 


52 

15,080 

34 

9,860 

14 

4,060 


99 99 

11,500 

45 

5,175 

51 

5,865 

3 

345 


Stram E Kolle 0 2 

mg per kg intravenously 

Rabbit 37/31 



Pre-injection count 

If '1 

40 

4,480 

55 

6,165 

5 

560 


After 45 hours 

■ 0 i il 

29 

3,200 

60 

6,630 

11 

1,220 


,, 65 „ 

B ! Jf 1 l| 

46 

8,970 

42 

8,190 

12 

2,340 


„ H2 „ 

■ ' r M fl 

34 

4,488 

55 

7,260 

11 

1,452 


„ 204 „ 

H ■ y 1 1 

39 

5,694 

44 

6,424 

17 

2,482 


„ 16 days 

tiiliil 

54 

8,100 

43 

6,450 

3 

450 


Strain E M S 3 8,000 million organisms per kg intravenously Rabbit 38/94 


Pre-injection count 


33 

3,521 

62 

6,634 

5 

535 


After 84 hours 

IVnmN 

37 

5,032 

52 

7,072 

11 

1,496 


„ 132 „ 


39 

4,953 

45 

5,715 

16 

2,032 



13,000 

37 

4,810 

52 

6,760 

11 

1,430 


„ 22 days 

12,200 

46 

5,612 

45 

5,490 

9 

1,098 


9t 35 ft 

12,400 

25 

3,100 

70 

8,680 

5 

620 


* In all cases the pro Injection count recorded is the one sliovring the highest monocyte count 
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(E 32 and 33) The doses were prepared as for mice and 
given intravenously Two rabbits were given E 32 in doses of 
1700 milli on and 500 million organisms per kg body weight 
respectively Two were given E 33 m doses of 4000 milkon 
and 1800 milli on organisms per kg All four died Two rabbits 
were given smaller doses and survived The disease did not 
differ appreciably from that occurring m mice The organism 
was readily recovered from spleen and heart blood No local 
lesion was produced Conjunctivitis occurred m every fatal case 
One or two focal lesions in the liver similar to those described m 
mice were seen In two cases areas of mononuclear cell reaction 
occurred m the spleen resembling those seen in Listerella infection 
Organisms were present m the liver, spleen and kidneys 

Gmnea-pigs Doses were piepared as for mice and injected 
intrapentoneally 

Listerella Two gmnea-pigs were injected with L Gibson m 
doses of 50 and 25 mg and 8 with L 58 XXIII in doses ranging 
from 40 to 2 5 mg all died The organisms weie recovered from 
the spleen in every case and from the heart blood m some Post 
mot tern the changes resembled those seen in mice 

Erysipelothrix. Six gmnea-pigs nere mjected with the most 
virulent strains of Erysipdothnx (E 32 and 33) All survived 
and showed no symptoms of disease, although large doses rangmg 
from 30,000 million to 4000 million orgamsms were used 

Pigeons Doses were prepared as for mice and mjected sub- 
cutaneously 

Listerella. Eight pigeons were injected with L 58 XXIII 
Doses rangmg from 100 to 5 4 mg were prepared from agar plates 
and from 150,000 million to 6000 million organisms (50-2 mg ) 
from broth cultures Three pigeons were given L Gibson in doses 
of 100 mg , 50 mg and 6000 milli on orgamsms (2 mg ) respectively 
All 11 pigeons survived and no symptoms of disease developed 
even after the enormous dose of 100 mg One pigeon was mjected 
with 200 mg of L 53 XXIII and died after 21 hours Three 
pigeons were then injected with L 53 XXIII m, doses of 200, 100 
and 40 mg respectively All three survived and showed no 
symptoms of disease The one isolated death after only 21 hours 
was therefore assumed to be toxic and not due to listerella infection 
Erysipelothrix. As the virulence of Erysipelothrix for pigeons 
is well known, I have used only E 32 and the mouse strain E MS 3 
E 32 after one or two passages readily killed pigeons m doses of 
100 mi l l ion orgamsms Four pigeons were mjected with E M S 3 
m doses of from 40,000 million to 9000 millio n organisms All 
survived and showed no symptoms of disease This str ain was 
isolated m 1934 and is now relatively anrulent, the MLD for 
mice bemg about 1000 million orgamsms 
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produce the two features which have aioused the most attention 
m Lislerella infection m these animals, namely a circulating mono- 
cytosis m rabbits and areas of focal necrosis of the liver m rabbits 
and mice In this connection it is of interest that Egehoj (1937) 
has recorded a circulating monocytosis in swine suffering from 
swine erysipelas 

Against these similarities must bo set a fairly heavy list of 
differences Within the limits of this study there appeals to be no 
antigenic relationship between the two organisms There are 
many significant differences as well as similanties in cultural 
characteristics and m metabolism With regard to pathogenicity, 
Lislerella readily lulls guinea-pigs but apparently not pigeons, 
wlnle Erysipelotlinx readily lulls pigeons but not guinea-pigs 
The production of a circulating monocytosis m rabbits by both 
organisms is striking but it would be of interest to know if any 
other organisms have the same effect Although focal necroses of 
the liver m rabbits and mice occm with Erysipelotlinx they are 
an inconstant feature and, when present, are few in number, so 
that really the pictuie does not closely icscrable that of Lislerella 
infection Finally the distribution and the naturally occurring 
diseases differ widely 


Condimon 

Five strains of Lislerella and six of Erysipelotlinx have been 
compared In the present state of our knowledge it is impossible to 
decide finally upon their nomenclature and classification, but until 
further work has been done it seems wiser to retain the two 
generic names Lislerella and Erysipelotlinx 

Tins study was earned out at Iho suggestion of Professor R A Wobb 
and undor lus direction Tlio work was finished at the Group Laboratory, 
Archway Hospital, and I am indobtod to Dr J M Alston for affording mo 
ovory facility. My thanks aio also duo to Professor G S Wilson fox 
valuablo criticism and suggestions 
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produce the two features which have aroused the most attention 
m Listerella infection in these animals, namely a circulating mono- 
cytosis m rabbits and areas of focal necrosis of the liver in rabbits 
and mice In this connection it is of interest that Egehoj (1937) 
has recorded a circulating monocytosis m swine suffering from 
swine erysipelas 

Against these similarities must be set a fairly heavy list of 
differences Within the hunts of this study there appears to be no 
antigemc relationship between the two organisms There are 
many significant differences as well as similarities m cultural 
characteristics and in metabolism With regard to pathogenicity, 
Listerella readily lolls guinea-pigs but apparent^ not pigeons, 
while Erysipelothnx readily kills pigeons but not guinea-pigs 
The production of a circulating monocytosis m rabbits by both 
organisms is striking but it would be of interest to know if any 
other organisms have the same effect Although focal necroses of 
the hver m rabbits and mice occur with Erysipelothnx they are 
an inconstant feature and, when present, are few m number, so 
that really the pictuie does not closely resemble that of Listerella 
infection Finally the distribution and the naturally occurring 
diseases differ widely 


Conclusion 

Five strams of Listerella and six of Erysipelothnx have been 
compared In the present state of our knowledge it is impossible to 
decide finally upon their nomenclature and classification, but until 
further work has been done it seems wiser to retain the two 
generic names Listerella and Erysipelothnx 

Tins study was earned out at the suggestion of Professor R A Webb 
and under his direction The work was finished at the Group Laboratory, 
Archway Hospital, and I am indebted to Dr J M Alston for affording me 
every facility My thanks are also due to Professor G S Wilson for 
valuable criticism and suggestions 
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The following strams were used m this investigation and weie 
obtained either direct from the persons who isolated them or 
through the courtesy of Drs Webb and Nyfeldt, Mr C A McGaughey 
and the National Collection of Type Cultures 

(a) Two strams of L monocytogenes (Munay et al , 1926 , Pine, 

1927) 

( b ) Four strams isolated from sheep , 101 G and 1378 G by 

Gill (1931, 1933), 12050 and 12053 by Jungherr (1937) 

(c) One strain from a goat isolated by Jungherr 

(d) One strain from a bovine isolated by Jones and Little (1934) 

(e) One stram from poultry isolated m Amenca by Ten Broeclc 

(Seastone, 1935) 

(/) Six strams from human bemgs, namely 4 strams isolated 
by Schultz et al (1933-34), Burn (1933-34), Gibson (1935) 
and Carey (1936) and 2 strains isolated by Nyfeldt in 
Denmark (personal communication) 

(g) Twelve strains isolated from poultry m England during 
1937-38 by McGaughey ( 1), C V Watkins (4) and 
the writer (7) All these strains are referred to sub- 
sequently by the prefix LS 

There is general agreement that organisms of the genus Listerella 
are motile and there is evidence that they possess a smgle polar 
flagellum when grown at 37° C Carey found that motility was 
most marked in seven-hour dextrose broth cultures grown at room 
temperature That a pathogenic organism may be more motile 
when cultured at a temperature lower than 37° C is a recogmsed 
fact Pasteur ella pseudotuberculosis , which is actively motile at 
22° C , is but sluggishly so at 37° C Arkwright (1927) and 
Schutze (19326) used cultures grown at 18-22° C to demonstrate 
the presence of a flagellar antigen in this organism 

McGaughey (personal communication) has shown that organisms 
■of the genus Listerella are actively motile in dextrose broth when 
incubated at 25° C and has demonstrated pentrichous flagella 
(fig 1) m T2 strains of human and animal ongm by the method 
•described by Leifson (1930) The best results were obtained by 
doubling the amount of the saturated solution of basic fuchsm in 
ethyl alcohol and staining for several hours A counter-stain was 
not used McGaughey found further that rabbits injected with 
such cultures produced agglutinins and that a rapid, large-flake 
type of agglutination, similar to that observed with formobsed 
suspensions of motile strams of Salmonella, occurred when the 
sera were tested against the appropriate bacterial emulsions 

The wnter has had ample opportunity of co nfirmin g McGaughey ’s 
results on a very much larger number of strams Maximum motility 
was observed m cultures 5-7 hours old, though 24-hour cultures 


I 
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senes startmg at a dilution of 1 20 Readings were made after 
30 min utes in the water-bath at 53° C No difference m the titre 
was detected if the tune in the watei -bath was increased or if the 
tubes were allowed to remain m the incubator overnight at 37° C 
The results of these tests mdicate that a serum prepaied against 
any one of the strams of Listerella used m the experiment is capable 
of agglutmatmg all the other strams practical!}' to title A 
possible exception is the serum produced against the strain Jungherr 
12053, which has significantly lower titres against the heterologous 
organisms than against its own antigen 

Agglutinin absorption tests were carried out with 5 of the 16 
mutually agglutmable strains, namely LS/2, Pine, Jungherr 12053 
Gibson and Murray 

The bacterial emulsions used m the absorption tests were prepared as 
already described, in two -litre flasks After the addition of formalin 
(0*25 per cent ), tlio growth was centrifuged (3000 r p m for 45 mins ) and 
resuspended in saline to give an opacity six times ns dense as tube 10 m 
Brown’s scale Six ml of emulsion and C ml of serum diluted 1 10 were 
mixed m centrifuge tubes and heated at 63° C m the water-bath for 3 hours, 
the tubes being inverted oneo every hour After bomg kept rn tiro cold store 
overnight the mixtures were centrifuged at 3000 r p in for 45 minutes 
The water-clear supernatant, now representing a dilution of 1 20, was 
decanted on to the deposit from 6 ml of bacterial emulsion After mixing, 
the heating, refrigeration and centrifugahsation wore repeated Tins wn* 
found necessary because a single absorption did not produce complete 
removal of the homologous agglutinins The water-clear supernatants 
were set up agamst the agglutmable suspensions m the ordinary way 

From a study of the results set out in table II it is apparent 
that tbe strams LS/2, Murray and Pine are identical as far as then 
flagellar antigenic structure is concerned but differ from both 
Jungherr 12053 and Gibson, which m turn differ from each other 
All the strams appear to have a common antigen LS/2 has an 
additional one which it shares with Junghen 12053 but not with 
Gibson Gibson, on tbe other hand, has an antigen which is not 
shared by LS/2 nor by Jungherr 12053, while the latter possesses 
one not present in either LS/2 or Gibson Table III shows the 
structure as it appears from the anatysis of the above results 

Monospecific sera were now prepared in order to ascertain which 
of the antigens A, C, and D were present in each of the strains m 
our possession The combinations used to obtain these were as 
follows — 

For antigen A, LS/2 antiserum absorbed with Gibson strain , 

„ C, Jungherr 12053 antiserum absorbed with LS/2 
stram , 

„ „ D, Gibson antiserum absorbed with LS/2 stram 

The results of the agglutination tests obtained with these three 
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N. America and those from New Zealand with the exception of 
Schultz, which falls into group I. Gibson appears to represent a 
special group. 

Table IV 

Agglutination by whole sera and absorbed sera . 


Antigen 

V hole pern 

Absorbed sera 

LS/2 

Jungherr 

12053 

Gibson 

AniJbod} A 

Antibody 0 

Antibody D 

LS/2 serum 
absorbed 
with Gibson 
strain 

Jungherr 
12053 scrum 
absorbed 
with LS/2 
strain 

Gibson 
scrum 
absorbed 
with LS/2 
strain 

LS/2 

20,000 


20,000* 

040 

0 

0 

LS/4 

20,000* 

10,000* 

10,000 

320 

0 

0 

LS/5 

10,000* 


5,000* 

320 

0 

0 

LS/G 

10,000* 


10,000 

320 

0 

0 

LS/7 

10,000* 


20,000 

320* 

0 

0 

Lh/8 

5,000* 

7,000* 

2,600* 

320 

0 

0 

LS/0 

20,000 


10,000 

320 

0 

0 


40,000 

40,000 

40,000 

320 

0 

0 

LS/ll 

5,000* 

10,000 

5,000 

320 


0 

LS/12 

20,000 

20,000 

10,000 

320 

0 

0 

LS/14 

10,000 

10,000 

10,000 

1G0 

0 

0 

Murray 

20,000* 

20,000 

20,000 

320 

0 

0 

Ptrio 

40,000 

20,000* 

20,000 

G40 

0 

0 

Nyleldt/1 (CPMH] 

20,000 

20,000 

20,000 

320 


0 

Nyfoldt/2 (Ruth ) 

20,000 

10,000 

5,000 

040 

0 

0 

Schultr 

2,500 

5,000 

2,500* 

G40 

0 

0 

Junghorr 12050 

10,000 

20,000 

20,000 

1G0 

^B 1 

0 

Junghorr 12053 

10,000 

20,000 

10,000 

040 

^BT T 1^B 

0 

Junghorr (Goat) 

20,000 

20,000 

20,000 

1G0 


0 

Jones and Littlo 

20,000 

10,000 

5,000 

320 


0 

Ton Broock 

10,000 

5,000 

5,000 

320* 

^B? f I^B 

0 

Burn 

20,000 

20,000 

20,000 

320 

KTiB 

0 

LS/13 

20,000 

10,000 

10,000 

100 

SBTTT^B 

0 

Gill 101 

20,000 

20,000 

10,000 

320 


0 

Gill 1378 

20,000 

20,000 

20,000 

320 

B?B 

0 

Caroy (O’Bnon) 

20,000 

20,000 

20,000 

1G0 

1G0 

0 

GibBon 

20,000* 

10,000 

10,000 

0 

0 

G40 


* = l’nrtlal agglutination 111 the nc\t tube 


In order to test further whether any other antibodies could be 
detected in the sera which had been prepared, a series of absorption 
tests were earned out at random The resultant absorbed sera 
were used against LS/2, Jungherr 12053 and Gibson antigens, 
together with those concerned m each absorption test (table V) 
No additional antibodies were detected 

These results differ somewhat from those recorded by other 
workers The probable explanation is that in the above investiga- 
tions cultures grown at 25° C were used for the preparation of 
the antigens and therefore contained the maximum amount of 
flagellar antigen 
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controls or in 12 animals ■with only one sinus removed Nevertheless the 
lesions they obtained appear from their description to be identical with 
those found by us m otherwise apparently normal rabbits 

Boyd and McCullagh (1937-38) have recontly described aortic changes 
following bilateral denervation of the carotid sinuses These lesions appear 
to be essentially the same as those described bj' Kronor ct oil and are 
considered by the authors to bo dependent on the arterial hypertension 
consequent on the sinus denervation They found arteriosclerotic lesions in 
8 out of 12 denervated rabbits and state that pathological lesions were 
confined to these animals, without giving tho number of their controls 

In view of the evident disagreement amongst workers as to the 
incidence of arterial changes occurring spontaneous^ m rabbits 
we have collected over the past 5 years hearts and aortas of rabbits 
lolled m the course of a varietj' of experiments in this laboratory 
and have found a high incidence of aortic disease 

Spontaneous aortic lesions observed m laboratoiy rabbits 
during 1933-38 

Animals examined All the ammals examined were, with three 
exceptions, bred and reared m the breeding rooms of the Sir William 
Dunn School of Pathology and, before being used m experiments, 
were apparently healthy They were fed on the standard diet of 
bran or oats, hay, and mangolds or cabbage AE green foodstuffs 
were grown m the garden of the School of Pathology and picked 
fresh just before being eaten The rabbits were used for a variety 
of experiments such as the injection of bacterial suspensions, 
externahsation of the carotid artery, etc , and were handled by 
many different workers Most of the animals were lolled at the 
completion of the experiments, only a few dying naturally The 
age at death vaned from 6 months to 3 years Rabbits of both 
sexes were examined The three exceptions above referred to were 
animals bought m the open market One of these exhibited 
pronounced arteriosclerosis 

Incidence of aortic lesions The heart and aorta were removed 
and examined post mortem The aorta was laid open from the 
aortic valves to the bifurcation of the co mm on ikacs, these artenes 
bemg also examined No macroscopic heart lesions were observed. 
Macroscopic changes were found m the aorta in 45 out of 144 
specimens examined The appearances of the lesions will be 
described later it is necessary first to tabulate the histones of the 
ATiimala in which these changes were found (table II) 

In table III are given the histones of the rabbits in which there 
were no aortic changes 



Table HI. 

Summary of histones of animals without lesions of the aorta 
A. General experiments 


Experiment No of animals 


Normal animals 12 

Physiological experiments 13 

Injection of bactena 12 

Injection of tyramme 14 

Other experiments 16 

Experiments involving the recording of the blood 32 

pressure (see B) 


B Experiments involving the recording of the blood pressure 


Animal no 


Blood pressure in mm He 

Serial 

Laboratory 

Experiment 

Xormal 

like or 

pressure 

Duration 
of rise 

22 

1471 

Bilateral excision of carotid 
sinuses 

100 

70 

6 mths 

23 

2173 

>i i » ft ft 

85 

40 

Dropped 
to normal 
m 8 mths 

24 

2169 

Nephrectomy 

80 

None 


26 

2182 

ff 

80 

ft 


26 

2293 

Injection of saline into renal 
artery 

85 

ft 


27 

2336 

ff ft ft ft 

80 

ft 


28 

1971 

Injection of Kieselguhr into 
renal artery 

80 

40 

6 mths 

29 

1972 

i» ft ft ff 

70 

60 

6 „ 

30 

2058 

M ft ft ft 

80 

40 

40 days 

31 

2078 

ft ft ft ft 

75 

75 

0 „ 

32 

2089 

ff ft ft ft 

75 

25 

62 „ 

33 

2168 

ft ft ft ft 

70 

30 

5 mths 

34 

1994 

Injection of Kieselguhr into 
renal artery and excision of 
carotid sinuses 

100 

30 

6 „ 

35 

2185 

Injection of Kieselguhr 
followed by stripping of renal 
pedicle 

80 

30 

150 days 

36 

2186 

ft ft ft ft 

80 

25 

60 „ 

37 

2188 

If ft ff ft 

95 

40 

180 „ 

38 

2189 

ft ff ff If 

90 

45 

25 „ 

39 

2200 

ff ff ft ff 

80 

40 

25 „ 

40 

2266 

ff ff ft ff 

75 

30 

25 „ 

41 

2187 

Renal pedicle stripped followed 
by injection of Kieselguhr 
into renal artery 

80 ' 

None 


42 

2285 

ff ff ff ft 

85 

If 


43 

2288 

ff If ft ft 

80 

If 

[a) None 

(6) 30 


44 

2287 

(а) Renal pedicle stripped 
followed by injection of 
Kieselguhr mto renal artery 

(б) Renal artery constricted 

80 

80 

2 mths 

45 

2178 

Constriction of renal artery 

75 

40 

18 days 

46 

2291 

ff ff ff ft 

85 

30 

80 „ 

47 

2308 

ft ff If ff 

75 

40 

10 „ 

48 

2347 

f* ff ff ff 

76 

35 

55 „ 

49 

2355 

ft ff ff ff 

75 

30 

50 „ 

50 

2374 

ff ff ff ft 

95 

None 


51 

2380 

ff ff If ff 

75 

25 

10 days 

52 

2108 

Injection of nephrotoxic serum 

80 

30 

30 „ 

53 

2166 

ff ff »» ff 

75 

30 

75 „ 
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Microscopic A large plaque is covered by mtact ultima The media 
is practically absent as such and is leplaced by tissue which ue considei 
to be cartilage (see histochemical notes) There is a central area of necrosis 
m which there is no cellular structural detail The elastic tissue and muscle 
have almost completely disappeared The von Kossa stain for calcium 
is negative 

Rabbit 2054 (table II A common iliac artery tied , animal killed 
6 hrs later) Macroscopic Small plaques about 3 0x2 0 mm scattered 
in first 20 mm of aorta Microscopic The intima is mtact and slightly 
hypertrophied over the lesion, which in\ oh es the inner third of the media 
immediately adjacent to the ultima Heie the media is replaced bj wavy 
bands of tissue which stain black with \on Kossa’s calcium stain The 
wavy bands of tissue are irregular and broken and when stained with 
Weigert’s elastic stain prove to be broken and distoited olastic fibics Tho 
rest of the medial elastic tissue is also irregular and fragmented, and scattered 
throughout the media are small regions of liyabmsation of the muscular 
tissue There appears to be no cellular infiltration 

Rabbit 2046 (table II A used for obtaining samples of normal blood) 
Microscopic There is a small area of cellular infiltration m the media ljing 
immediately beneath a depression in the intima The mtima is intact 
The nuclei of the cells m the infiltrated area resemble those of muscle cells, 
together with some resembling tlioso of ljmpliocytes With van Gicson’s 
stain strands of hyaline material can be observed in the affected aiea Tho 
elastic fibres are fragmented and in the central region of the lesion almost 
entirely absent von Kossa’s stain shows no evidence of calcium 


Histochemical notes on selected lesions 

Two of the aortas (nos 1455 and 2203 , nos 3 and 7 in table II B) 
contained the structures shown m figs 3 and 4 These plate-like 
formations in the media consist of a hard dense tissue, rich m 
intercellular substance and giving a negative reaction to the calcium 
test described below The morphological similarity to cartilage is 
remarkable m both there is a dense ground substance, often with 
dense capsular areas (fig 3) around the cells The latter aie large 
and vesicular and their nuclei contain one or more piomment 
nucleoli Clear and refrmgent spaces are seen between the columns 
of cells (fig 4) , these represent the attenuated elastic fibres of 
the media as evidenced by their staining with Weigert’s elastic 
stain and orcein 

Although there is no specific histochemical test for cartilage, 
the metachromatic reactions of this substance are fairly charactei- 
lstic Thus it is stained purple with methylene blue or tliionm, 
yellow with saframn, etc Our material gave metachromatic 
reactions with these dyes as typical as those given by control 
specimens of young costal cartilage Another feature m common 
with ordinary cartilage was the disappearance, partial oi total, of 
the metacliromasia 'on contact with alcohol and its return, provided 
differentiation had not been carried too far, on bringing the sections 
into water Our sections were therefore examined either m water 
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Stage 2 After thiee months tho abdomen is again opened by a right 
paramedian cramo-caudal incision well away from tho former midlino 
incision The ultra abdominal portion of the spleen is carefully removed 
after ligaturing all vossoLs, a strong thread ligaturo boing tied around tho 
spleen as close ns possible to whore it passes through tho antonoi abdominal 
wall (figs 2 and 3) 4 The rat is thus left with an extra abdominal spleen 
about two-tlnrds its formor sizo Recovery is uneventful and rapid. Tho 
animals remain perfectly healthy, oven for as long as 300 days afterwards 
Bartonella infection does not appear, although our rats invariably develop 
this aftor complete splenectomy Wo liavo had no failures m about seventy 
experiments Adhesions sometimes form between the abdominal omentum 
and tho divided end of tho spleen, but normally the marsupiahscd spleen is 
supplied with blood from the subcutaneous and musclo vessels India ink 
introduced into tho circulation rapidly penetrates to the splenic pulp 
Even when adhesions develop it is unlikely that tho poital communications 
so established influence the spleen to any extent Wo lia\ o had a number 
of animals without any abdominal adhesions and these form the basis of our 
conclusions Nevertheless, animals with adhesions have not differed in tho 
behaviour of their spleens fiom tlioso without adhesions 

We have also studied splenic grafts implanted in tho mt’s peritoneal 
cavity oi in the subcutaneous tissues By 1C days a miniature spleen is 
formed and in young rats of 60-70 g it continues to grow until it may reach 
a diamotor of 0 5 cm Grafts appear to bo more successful if splenoctomy 
is performed Some of these abdominal grafts become attached to tho 
panotal peritoneum and like tlioso in tho subcutaneous tissues me independent 
of tho portal circulation It is possible therefore to liavo animals with 
splenic tissue still under tho influence of tho portal circulation as well ns free 
from that influence (fig 4) 

We then produced progressive livor damage in (1) rats with marsupiahscd 
spleens or with splonic grafts, (2) lats with ono-tlnrd or half their spleens 
removed, (3) normal rats The animals were exposed daily for 6 hours in 
gas chambers to air containing 400-1000 ppm carbon totracliloride, a 
concentration winch produces fatal toxic cirrhosis with ascites in about 
two months Some animals were killed 4-6 weeks aftor the commencement, 
others wore allowed to go on until moribund Pieces of liver and spleen 
weio fixed m 70 per cent alcohol and paraffin sections stained with Ehrlich's 
acid luematoxylm and oosin, Woigort’s iron luematoxyhn and van Gieson, 
Laidlaw’s modified Bielscliov sky -Foot method for reticulum, Woigert’s 
olastica method and the ferroeyamdo-HCl-neutral red method for freo iron 

Resiilts 

The normal rat's spleen The fully grown Wistar albino rat’s 
spleen is enclosed m a capsule 15-25 p thick, composed of 3-5 layers 
of collagen and elastic fibres with dehcate reticulum strands 
between, becoming wider where trabeculae enter the pulp 
Flattened elongated cells, often in groups but not uniformly 
arranged, he amongst the fibres, together with cells closely 
resembling smooth muscle fibres The capsule merges with the 
very thin peritoneal covering which has an outer lining of flattened 
mesotlielial cells, easily rubbed off Often elastic fibres are con- 
densed beneath the mesothehum There are very few capsular 
vessels except at the hilum, where the mam vessels are congregated 
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consist of a fine reticulum network with fenestiations between 
There are no elastic or collagen fibres A slight radiation of elastic 
fibrils from the trabeculae is often seen but this is soon lost The 
pulp cells include (1) hmng cells or reticular cells which resemble 
large lymphocytes, some of which contain brown amorphous or 
granular pigment giving the prussian blue reaction , (2) free sinus 
cells, including a few neutrophil and eosmoplnl leucocytes sometimes 
m clumps of three or four, a few lymphocytes, medium-sized mono- 
cytes, large macrophages 15-20 y. in diameter and numerous led 
corpuscles Megakaryocytes are often seen in the young rat’s 
spleen but are relatively few m adult animals 

The chief constituents of the vascular system are (1) penetrating 
arteries with much thick elastic tissue, two or three layers of 
muscle and a wide adventitia , (2) trabecular arteries, tlnn-wallcd 
m most mstances, the larger showing several layers of smooth 
muscle and much elastic tissue in the adventitia , (3) follicular 
arterioles, described above , (4) fine terminal or pulp arterioles 
ending in the pulp , (5) venous or pulp sinuses described above , 
(6) veins of the pulp consisting of widely fenestrated endothelial 
tubes communicating with (7) trabecular vems whose walls cannot 
be separated from the trabecular tissue , (8) collecting vems of 
the hilum We have not found any pemcillar arteries with 
Schweigger-Seidel sheaths even after careful search of serial 
sections and are thus m agreement with Herrlinger (1938) Iron 
pigment is commonly met with in young rats but varies in amount 
in adults It is generally found m the lining cells of the sinuses, 
the reticular cells of the pulp sinuses, occasionally in scattered 
macrophages and sometimes m clumps free in the pulp sinuses or 
around the Malpighian bodies We have never seen it in close 
relationship to arteries or vems 

The marsupialised spleen Both in stage 1 and stage 2 spleens 
essential details are unaltered The splenic capsule however is 
greatly thickened and carries a more elaborate vascular system 
The pulp sinuses are well defined throughout After some months 
the marsupialised spleen (stage 2) shows a progressive thickening 
of the reticulum fibres in the Malpighian bodies and red pulp 

The partly resected spleen Since there is reduction in bulk 
of the spleen during marsupiahsation, we studied the spleen in 
control animals after removal of one-tlnrd to one-half of its 
substance There was no departure from normal, except for the 
development of a fibrouB scar with condensation of reticulum at 
the site of resection 

The spleen m control animals exposed to carbon tetrachloride We 
have confirmed most of Menon’s (19386) findings m normal rats 
given repeated subcutaneous injections of carbon tetrachloride 
Small areas of necrosis were seen m the pulp and Malpighian bodies 



Plate XT 


Fig 3 — The marsupialised spleen, stage 2, after 6 months The skin has been 
reflected showing the spleen attached to the anterior abdominal wall muscles 

Fig 4 — Two months-old splenic grafts, one attached to the abdommal wall, the 
other to the small intestine Complete splenectomy had been performed at 
the time of grafting 
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changes were similar m the early stages, both m grafts under the 
influence of the portal circulation and free from that influence 


Discussion 

In recent years the idea has been growing that splenic changes 
associated with cirrhosis of the liver are due to two processes 
(1) pulp hyperplasia and (2) portal congestion Early studies 
stressed the importance of portal congestion Oestreich (1895) 
appears to have been the first to emphasise pulp hyperplasia He 
described nine cases which seemed to bear out this conclusion 
Actually only one of these can be considered satisfactory, a case 
of latent cirrhosis of the hver discovered at autopsy on a male 
with a fractured skull There was no evidence of portal congestion 
and no sepsis The other eight cases were complicated by infection 
Be concludes (p 324) “ Das Wesen des Milztumors bei Lebercirrhose 
ist era selbstandiges, von der Leber unabhangiges und beruht auf 
lmtativen Prozessen Wahrend der ersten Stadien der Girrhose 
tntt eme zelhge Proliferation (Hyperplasia pulpae) ein, welche 
auch bis m spatere Stadien lnnem persistiren lcann oder m mehr 
indurative Prozesse (Bmdegewebsvermehrung) oder in wirkliche 
Atrophie der Pulpa ubergeht ” The evidence for this view has 
been fully discussed by Eppinger (1920, 1937), Roessle (1930), 
Jager (1931, 1937) and McMichael (1934) The latter, in an 
important study of hepato-henal fibrosis, clearly distinguished 
vascular changes due to increased portal pressure and showed that 
these were not the only features m the spleen m this disease He 
stressed the importance of pulp hyperplasia m the splenomegaly 
As evidence of hyperplasia he noted cellular increase in sinus walls 
and proliferation of active histiocytes mto the lumen of the sinuses, 
activity being indicated by enlargement and a rounded appearance 
of the cells and by erythrophagocytosis Sraular changes were 
found in splemcuh With portal congestion, the outstanding 
features were periarterial haemorrhages, periarterial fibrosis, siderotic 
nodules, penmalpiglnan haemorrhages or fibrosis with dilated venous 
sinuses and eventually mcrease of collagen m the sinus walls 
There was no evidence of cellular proliferation in the pulp He 
put forward the interesting view that this proliferation is related 
to hepatitis Menon (1938 a and b) has recently studied splenic 
changes m experimental portal congestion and in acute and chrome 
hver damage He, too, found no pulp hyperplasia with portal 
obstruction On the other hand during the development of experi- 
mental hver cirrhosis proliferative and fibrotic reactions were seen 
m the spleen and splenomegaly developed before signs of portal 
stasis appeared With chrome carbon tetrachloride intoxication 
Menon noted marked pulp hyperplasia coincident with the early 
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same as those used by Cameron and Karunaratno Many normal animals 
kept under similar conditions served aB controls All experimental animals 
were chosen at random from the mam population of rats. 

Results 

Acute liver damage Pentobarbital sodium given subcutaneously 
in doses of 40 mg per kg body weight to 55 normal rats induced 
sleep lasting over a mean period of 102±4 minutes, the range being 
25-210 minutes Twenty-four hours after the administration of 
carbon tetrachloride, when the liver showed fairly extensive 
necrosis and fatty degeneration, the mean duration of sleep with 
the same doses of pentobarbital sodium m 20 rats was 218±17 
minutes, with a range of 80-435 minutes There is a significant 
statistical difference between these means Three to four days 
after the administration of carbon tetrachloride, when repair was 
going on actively by hver cell proliferation, the mean duration 
of sleep m the same group of rats was 98±6 minutes, with a range 
of 30-184 minutes There is no significant statistical difference 
between this value of the mean and that for normal rats Seven 
days after carbon tetrachloride administration, when all the 
necrotic tissue had been removed and repair was nearly complete, 
the mean duration of sleep was 109 minutes. No deaths occurred 
m this experiment 

In another group of 19 rats, the mean duration of sleep after 
the standard dose of pentobarbital sodium was 108±12 minutes 
Tetrachloroethylene (C 2 C1 4 ) in amounts similar to those used m 
the carbon tetrachloride experiments was a dminis tered sub- 
cutaneously Twenty-four hours afterwards, the mean duration 
of sleep after the same dose of pentobarbital sodium was 100±5 
minutes, no significant difference The hvers of all these animals 
showed no histological change This experiment may be said to 
control the general intoxication mduced by the administration of 
CC1 4 or C 2 C1 4 In the one instance, however, there was acute hver 
damage and the duration of pentobarbital sleep was considerably 
increased In the other case, there was no hver damage and the 
mean duration of sleep was not significantly altered. There appears 
to be a close connection, therefore, between acute hver damage 
and the action of pentobarbital sodium 

Evipan sodium, another quickly acting barbiturate believed by 
Weese (1933) and Kennedy and Narayana (1934-35) to be rapidly 
destroyed, mainly by the hver, gave a similar result Thus m 
12 normal rats, after 100 mg per kg body weight evipan sodium, 
the mean duration of sleep was 64± 6 minutes. Twenty-four hours 
after CC1 4 the mean duration of sleep m the same group of animals 
was 203 ±14 minutes 

On the other hand, the slowly acting barbiturates barbital 
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After two months, 18 rats survived Pentobarbital ad- 
ministration now resulted in the death of 5 animals , a mortality 
rate of 28 per cent. The mean duration of sleep for the whole 
group, including the animals dying, was 208 ±11 minutes (table) 
Excluding the 5 animals dying, the mean was 212 minutes At 
this stage the liver shows more marked mtennsular fibrosis, much 
regeneration but httle degenerative change or necrosis The liver 
weight, is if anything increased The pentobarbital reaction is 
however considerably prolonged, whilst m 28 per cent of animals 
it is equivalent to a minimal lethal dose (120 mg per kg body 
weight), t e increased at least three times 

After two-and-a-half months there was considerable prolongation 
of sleep, even with still smaller doses of pentobarbital Thus 
20 mg per kg. body weight (half the standard dose) gave a mean 
duration of sleep in 10 normal rats of 60±9 minutes, whereas with 
the 13 animals repeatedly injected with carbon tetrachloride it was 
128 ±16 minutes, a significant difference 

Three months after the commencement of the experiment, the 
animals had lost weight, some showed ascites and their livers were 
hard, coarsely nodular and yellow Microscopically, bands of 
collagen and reticulum surrounded most of the lobules, condensation 
fibrosis was marked, regeneration nodules were small, whilst many 
of the lobules showed extensive areas of necrosis The picture 
suggested a breakdown in compensation of a rapidly progressive 
toxic cirrhosis At this stage, pentobarbital administration four 
days after the last injection of CCI 4 resulted m the death of 7 of 
the remaining 12 members of the group, ie a mortality rate of 
58 per cent The mean duration of sleep for the whole group was 
249-1-22 minutes (table), for the 5 survivors alone 319 minutes 
With progressive liver damage, therefore, there develops 
increased susceptibility to pentobarbital sodium and a mild physio- 
logical dose may become lethal 


Discussion 

It appears from our experiments that rats with fairly extensive 
hver damage have an increased susceptibility to pentobarbital 
sodium and evipan sodium but not to barbital sodium and pheno- 
barbital. This effect rapidly disappears when hver regeneration 
sets in Both pentobarbital and evipan are known to be destroyed 
in the tissues, bemg excreted, m very small amounts only, m the 
urine and faeces Barbital, on the other hand, is eliminated almost 
wholly by the kidneys, phenobarbital partly by the kidneys, partly 
through destruction m the tissues (Cushny, 1936) An acute 
intoxication such as that produced by C 2 d 4 , a poison having many 
features in common with Cd 4 , does not alter the susceptibility 
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of such cases it would sewn advisable to avoid trouble by the 
restricted use of this barbiturate 

Summary. 

flats with acute liver damage arc more susceptible than normal 
animals to the quickly acting barbiturates, pentobarbital sodium 
and evipan sodium This effect quickly passes off when liver 
regeneration sets in. With progressive liver damage, as m the 
pre-cirrhotic stage of carbon tetrachloride cirrhosis, the action of 
pentobarbital sodium is greatly enhanced long befoio serious 
structuial damago has appeal ed m the liver. It is suggested that 
impairment in detoxifying function picccdcs the development of 
cirrhosis. Need for caution m tho use of theso barbiturates is 
emphasised. 

Thu expanses of Hus investigation woio mot by n grant from tho Grahnm 
Rosoaicl) fund Wo wish to tlmnlc Mi F J Crow for much nssistaneo 
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1931, 1933 , Dora Colebrook, 1935) and to show that streptococcal complica- 
tions among patients in ear, nose and throat and scarlet fever wards are 
usually due to cross infection from other cases (Okell and Elliott, 1936 ; 
Allison and Brown, 1937) Brown and Allison (1937) found hemolytic 
streptococci widespread in the air of scarlet fever wards, the types 
corresponding in many instances with those infecting patients m the ward, 
and thus supported Cruickshank’s (1935) suggestion from the bacteriological 
investigation of bums that streptococcal infection may be spread by the 
dust or atmosphere of the ward 

The serological typing of Streptococcus pyogenes 

Preparation of agglutinating sera In the preparation of immune sera 
in rabbits I have followed Griffith’s technique Vaccines were made from 
all type strains by heating 400 c c of a 24-hour Hartley broth culture of 
the organism for 1 hour at 60° C , centrifuging it and resuspending the 
deposit m 20 cc of 0 85 per cent saline Tlio rabbits were given three 
intravenous injections weekly on successive days, beginning with the 
equivalent of 1 0 c c of culture After the injections had been contmued 
in increasing doses for 6 weeks, the final dose being equivalent to 20 c c of 
culture, the titre of the serum was tested It was found that 16 out of 27 
sera showed at tlus time a titre of 1 640, 6 a titre of 1 320 and 5 one 
between 1 80 and 1 160 Where the titre was low I have tried, un- 
successfully, to raiso it by further injections , this procedure probably 
increases the production of heterologous agglutinins It is important to 
watch the general health of the rabbits by regular weekly weighing through- 
out the period of inoculation If there is any drop in weight injections 
should be stopped for a week Only 2 of the inoculated rabbits died A 
precaution adopted to minimise cross reactions was the use of individual 
syringes for each type throughout the period of inoculation 

Absorption of heterologous agglutinins The crude sera, after being 
tested against the homologous type, were tested against heterologous type 
strains in order to find out the content of heterologous antibodies For 
absorption of these Griffith formerly used suspensions composed of all the 
heterologous type strains Now he has simplified tins method by using 
suspensions of one non-specific type 3 strain Such a strain may be obtained 
as follows A type 3 strain is plated on nutrient agar to which has been 
added 10 per cent of type 3 antiserum Two varieties of colonies may 
be seen, one opaque, the other translucent or finely stippled The opaque 
colony or segment of a colony is type-specific, the translucent colony is 
non-specific Suspensions of a broth culture of such a translucent colony 
give no agglutination with type-specific type 3 antiserum and proved 
to be especially suitable for the absorption of non-specific antibodies. 
For this absorption 0 5 c c of crude type serum is diluted 1 5 with saline 
and mixed with heavy doses of the non-specific type 3 strain (usually the 
deposit of 500 c c of culture to 0 5 c c of crude serum) After centrifugation 
the supernatant serum is tested once more against the heterologous strains 
The results are shown m the text figure 

It will be seen that certain sera were more prone than others to contain 
heterologous agglutinins and that all crude sera could be freed from non-type- 
specific antibodies by this procedure with the exception of the antisera 
to types 13, 17, 18 and 19 Absorption of these sera with suspensions of 
the typo strains which had given cross agglutinations with the crude serum 
proved to be effective, except for the antiserum to type 17, which could not 
be freed of agglutinins to type 15 

Pauli and Cobum (1937) suggested that the cross agglutinations are due 
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The Tesults, given in two senes at the foot of table III, confirm 
the findings of Griffith and his co-workers that types 1, 2, 3 and 4 
are predominant in scarlet fever cases Certain changes from 

Table III 

percentage, distribution of serological types of Str pyogenes among 
acute cases of scarlet fcicr m London, 1926-1937 * 
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I 


year to year will he noted in the incidence of these types. In our 
own senes the lower percentage of types 1-4 in the second group 
may be associated with their occurrence in the inter-epidemic 
season, while the higher proportion of undetermined types as 
compared with Allison’s findings may be related to the greater 
number of clinically atypical cases examined. 

The relation of these four types to the cluneal manifestations 
of scarlet fever has been studied by Gunn and Griffith In 
comparing the incidence of faucial angina, vomiting and early 
adenitis, they came to the conclusion that the more severe forms 
of scarlet fever are associated with types 1 and 2, while types 3 
and 4 produce milder forms of the disease Prom an analysis of the 
clinical records of a small group of cases associated with types 
1, 2, 3, 4 and 8, I found, in agreement with these authors, that 
early adenitis occurred most frequently m type 1 cases (table IV) 
As late comphcations may be due to cross infection, these are not 
included in the table During the past winter an attempt has been 
made in collaboration with Dr M J Cooke to allocate patients with 
scarlet fever to particular wards according to the type of the 
infecting strain, with a view to eliminating cross infection and 
studying in more detail the natural history of the infection due to 
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more than one serological type is involved m an outbreak of 
streptococcal infection and it is therefore advisable to swab all the 
affected patients This occurred in another outbreak of tonsillitis 
among the nursmg staff and patients of a hospital to which a 
patient recovering from scarlet fever was admitted with a dis- 
charging ear The first type isolated m this outbreak was type 2 
and we were surprised on Dick-testing the nursmg staff, that the 
Dick-positive members with tonsillitis had not developed scarlet 
fever But further examination of their infecting types showed 
that type 25 was the causal organism, a type winch rarely causes 
scarlet fever 

Puerperal sepsis The serological typing of Sir pyogenes from 
cases of puerperal sepsis may be of assistance in tracmg the source 
and mode of spread of infection m sporadic cases and in epidemic 
outbreaks, m ascertaining whether certam serological types pre- 
dominate in puerperal infections and in determining whether there 
is any correlation between serological type and severity of infection 

Source of infection Recent investigations have shown that the 
haemolytic streptococci occasionally found m the genital tract of 
pregnant women (2-5 per cent ) rarely belong to group A (Lancefield) 
and practically never initiate infection The source of infection m 
puerperal sepsis has therefore to be sought outside the gemtal tract, 
either m the body of the mother or in those m close contact with her 
during or soon after confinement Much publicity has been given 
to the attendant midwife or doctor as the carrier (nose, throat, or 
septic finger) of the infecting streptococcus, not enough, perhaps, 
to the mother as a possible source Smith (1933) m his fuller series 
reported 9 out of 41 cases (21 9 per cent ) where the infeotmg 
organism was recovered from an extragemtal source m the patient 
herself, while in Dora Colebrook’s series 12 5 per cent of the 
infections seemed to be autogenous As access to outside contacts 
has not been possible m the present work an attempt is being 
made to find out how frequently the infecting streptococcus can be 
isolated from an extragemtal source m the patient herself For 
this purpose, nose and throat swabs are taken on admission of all 
patients to the puerperal unit at the North-Western Hospital and . 
any septic foci present on the skin are bactenologically examined 
It is reahsed that the infecting organism may be carried after 
infection from genital tract to nose, throat or fingers, and m 
assessing which is likely to be the primary focus, we have taken 
careful account of the time relation of any upper respiratory tract 
infection to the puerperal fever, of the numbers of hsemolybic 
streptococci m nose or throat cultures and of the presence on 
admission of streptococcal antifibrmolytic substance m the patient’s 
blood (indicative of a pre-existing streptococcal infection) On 
these standards, it was estimated that among 100 cases of puerperal 
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(c) Extract of Tailed and ground bacilli The dried material prepared as 
m (b) was suspended in water m the proportion of 1 mg to 0 2 c o This 
was centrifuged at 13,000 r p in for about 45 minutes and the water-clear 
supernatant constituted the extract 

Titration of toxin 

The toxicity of these preparations was compared by injecting 
guinea-pigs intravenously with freshly prepared material A 
portion was dried and the dosage calculated as mg. of dry weight 
per 100 g body weight Three animals of 250-300 g were used for 
each dose and in assessing potency the time till death as well as 
the number of deaths was considered This method did not permit 
of exact determinations but indicated different degrees of toxicity 
The results with preparations from one set of cultures are shown 
in table I The MLD for living bacilli was of the order of 0 2 mg , 

Table I 


Toxicity of prepaiations from Br bronchiseptica 


Intnu cnous injection of guinea pigs 

Preparation I 

Li\ing bacilli 

Preparation II 

Bacilli killed by freezing and thawing 
and ground 

Preparation III 

Extract of II 

Dose 

(mg 

per 

100 g) 

Deaths 

Time till 
death 

Dose 

Deaths 

Tunc till death 

Dose 

Deaths 

Time till death 

0 48 

0 32 

0 16 

0 08 

0 04 

3/3 

2/3 

3/3 

1/3 

1/3 

6-15 hrs 
fl m 6 hrs 
\l in 24 hrs 
/ 1 in 22 ,, 
12 „ 48 „ 

4-5 days 

4-5 „ 

0 40 

0 30 

0 20 

0 10 

0 05 

0 025 
0 012 

3/3 

3/3 

3/3 

3/3 

6/6 

1/3 

0/3 

9 hrs 

9 „ 

/2 in 9 hrs 
\1 „ 10-19 hrs 

10 19 hrs 

10-19 „ 

50 hrs 

0 14 

0 07 

0 035 

0 02 

0 01 

0 004 

3/3 

3/3 

3/3 

3/3 

1/3 

0/3 

7-16 hrs 

7-16 „ 

7-16 „ 

fl in 7-16 hrs 
\2 „ 19 hrs 

5 days 


for killed and ground bacilli 0 05 mg and for extract 0 02 mg A 
second stram tested m the same way gave the same results These 
doses were similar to those previously found for the corresponding 
preparations of H pertussis The lesions produced by each of these 
preparations were identical and were indistinguishable from those 
caused by H pertussis 

Extracts made from four strains have been titrated frequently 
by mtradermal injection of 0 2 c c of a senes of dilutions m water 
into the shaved back of the rabbit. The end-pomt was the highest 
dilution that caused a necrotic spot There was some shght 
difference in the reactivity of individual rabbits but the usual 
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Formalin. Two separate portions of extract were formolised 
so that the final concentrations of formalin were 0-1 and 0 3 per cent 
After incubating at 37° C for 20 hours the toxicity was determined 
by intradermal titration and it was found that the titre of the first 
was reduced from 1 1280 to 1 40 and that the second produced 
lesions undiluted A control without formalin was incubated 
the same length of time and m this case the titre was reduced 
j 1 160 Pertussis toxm was also detoxified by 0 3 per cent, 
formalin in 20 hours at 37° C 

Antigenic pioperty The toxm of Br bronchi septica does not 
appear to be antigenic Rabbits immunised over a period of 
3 months with formohsed toxm were as susceptible as normal 
rabbits to the mtradermal injection of toxm Their sera failed 
to neutralise 2 mrd of toxm m vitro (mtradermal inoculation) 
although they contamed agglutinating, precipitating and 
complement-fixing antibodies These findings indicate that, as 
with H pertussis, the extract contamed bacterial antigen as well 
as toxm. The presence of bacterial antigen is also evident in later 
experiments m which the extract was used for precipitin and 
complement-fixing reactions 

Media m relation to production of toxm 

Organisms grown on B G medium yielded extract of greater 
potency than those grown on 5 per cent horse blood agar or 
nutrient agar Three freshly isolated strams were tested on each 
medium Extracts were made as described and titrated mtra- 
dermally m rabbits, the three preparations from each stram bemg 
tested on one rabbit (table III) 

Table III 


Media in relation to production of toxm 


Medium 

Titre (MUD) of toxin in rabbits 

027 

G V 1 

GP 2 

B G medium 

1 2580 

1 1280 

1 2560 

Blood agar 

1 160 

1 SO 

1 1280 

Nutrient agar 

1 320 

1 80 

1 640 


The effect of B G medium on toxicity was further indicated by 
an experiment in which one of these strains was subcultured twelve 
tunes on agar It was then grown on B G medium and on agar 
and an extract made from each growth The mtradermal titre of 
the first extract was 1 2560, the same as for the original culture,. 
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whooping cough lesions We have confirmed their findings for 
H pertussis and further have obtained similar results with 
Br bronchiseptica A dose of 200x10® organisms killed 7 of 8 
mice within 4 days , the survivor was killed after 9 days The 
orgamsm was recovered m almost pure culture from the lungs 
of all The lungs of the mice which died had coalescmg deep 
red patches m all lobes, some lobes being almost completely 
affected , the remamder of the lung was markedly congested and 
there was much frothy exudate Histologically the severity of 
the lesions varied somewhat, but there was marked general con- 
gestion, fluid exudate in many of the alveoh and cedema and 
cellular exudate in the alveolar walls In places, particularly 
around and extending from the bronchi, the alveolar spaces were 
almost obhterated by swollen alveolar walls compressed by exudate 
and cellular infiltration The epithelium of many of the bronchi 
was swollen and degenerated , there were scattered areas showing 
desquamation of cells and excess of mucus, with a varying amount 
of cellular infiltration The infil tration consisted of both poly- 
morphonuclear cells and lymphocytes Clumps of small Gram- 
negative bacilli were found m the lumen among the bronchial 
epithelial cells and scattered throughout the lung m the alveolar 
walls The histological picture was similar to that seen in the 
lungs of mice infected with H pertussis 

A dose of 10 x 10® Br bronchiseptica killed 2 of 6 mice m 4 days , 
the lungs were markedly involved and the organism was isolated 
from them The A survivors were lolled after 7 days and although 
none of the lungs showed any notable gross lesions Br bronchiseptica 
was recovered from 2 of them This coincides with the findin gs for 
pertussis infection m mice, where the organism was recovered from 
lungs which showed no gross lesions m animals surviving up to 
14 days 

We were not successful m infecting guinea-pigs with H pertussis 
by intranasal instillation under anesthesia Twelve animals were 
given a dose of 2500 x 10® organisms Two died, after 3 and 6 days, 
and the others were killed after 7 days None had any marked 
lung lesions and H pertussis was not recovered, but Br bronchi- 
septica was isolated from the lungs of 8 The incidence of Br 
bronchiseptica m these animals was about the same as in our 
normal stock , of 8 animals tested Br bronchiseptica was isolated 
from the lungs of 5 

Guinea-pigs were inoculated with a similar dose of Br bronchi- 
septica The animals which died showed marked lung lesions like 
those produced in mice Histologically the lesions were usually 
more severe than in mice and the bacteria were present m larger 
numbers These lungs yielded Br bronchiseptica in culture as did 
the lungs without lesions from animals lolled after 7 days. 
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T-w 0 pera made against living H. pertussis 
an( j two against heat -killer! Br bronchi sept tea 
, -p qo) were used The antigen va-. an extract made as 

described except that the ground dried bacilli were extracted with 
saline. All the sera reacted with each organism but the relative 
strengths of the sera were not determined 

Complement fixation Five sera were u<=ed 2 made against 
living H. pertussis (P 69 and P 70) 1 against living Br bronclnseptica 
(B 76) and 2 against heat-killed Br bronclnsejAica (B 59 and B 60) 
Two antigens of each organism were tested — heat -killed suspension 
containing 800 X 10® bacilli per c c and extract as made for the 
precipitin test in a dilution of 1 4. The technique of the reaction 
was described in our earlier paper The gumea-pig complement was 
free from bronclnseptica agglutinins 

Each serum reacted equally with both forms of the homologous 
antigen, the titres of the different sera ranging from 1 80 to 
1 640 Each serum also fixed complement with both forms of the 
heterologous antigen but to a lower titre In heterologous reactions 
the suspension antigen was weaker than the extract antigen, the 
titres bemg 1 • 20 or less with suspension and 1 40 to 1 : 160 with 
extract 


We have previously shown that pertussis extract detoxified by 
heating at 56° C for 30 nuns behaved in this reaction like unheated 
extract This applies also to bronchiseptica extract 

Antigens prepared from Br bronchiseptica grown on agar reacted 
in these tests to the same degree as antigens from orga nisms grown 
on B G medium This fact, together with the difference in toxicity 
of organisms grown on these media, indicates that toxm and bacterial 
antigen are separate entities 

Agglutination Sera made against living and heat-killed suspen- 
sions of each organism were tested with living and heat-killed 
suspensions prepared in the same way as those used for inoculation 
Agglutination tests were incubated at 37° C and read finally after 
20 hours The results are shown in table IV 

Pertussis sera agglutinated Br. bronchiseptica to Jc or ^ of the 
homologous titre Three of the bronchiseptica sera agg lutina ted 
H pertussis to ^ of the homologous titre Two bronchiseptica 
sera (B 59 and B 60) gave much greater cross reactions, agglutinat- 
ing H pertussis to \ and \ of the homologous titre 
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The antigenic relationship was further investigated by hetero- 
logous absorption tests with heat-killed bacteria (table V), according 
to the same technique Absorption was carried out separately 
with two strains of each orgamsm and the absorbed sera were 
tested against living and heat-killed suspensions Agglutinins for 
the heterologous organism were completely removed but the 
homologous titre was not affected or at most was shghtly reduced 
This apphed also to sera B 59 and B 60 which showed much greater 
cross agglutination than the others The results indicated that 
H pertussis and Br bronchiseptiea each possesses a large factor of 
specific antigen and a small common factor, thus confirming the 
inference suggested by the results of cross agglutination 

Investigations to detect the possible role of a flagellar antigen 
of Br bronchiseptiea in these results have indicated that the 
relationship between the orgamsms applies to the somatic antigen. 
The sera have at most contained merely a trace of flagellar antibody 
Bronchiseptiea sera absorbed with the homologous orgamsm steamed 
for 1 or 2 hours or alcohohsed removed all the agglutinins for 
steamed or alcohohsed bronchiseptiea suspensions, but the sera 
still agglutinated living suspension to ^ or ^ of the original titre 
All the agglutinins for H pertussis were removed The suggestion 
that the residual agglutinin corresponded to flagellar antigen was 
strengthened by the fact that absorption of a pertussis serum with 
steamed H pertussis removed all agglutinins 

Our results as regards the antigenic relationship of these 
organisms as shown by agglutination and agglutinin absorption are 
in general agreement with those of Eldering and Kendrick 

Cultivation and morphology 

On isolation, Br bronchiseptiea grows readily on B G medium, 
giving in 24 hours colonies a little smaller than when grown on agar 
The colomes are smooth, raised and glistening and resemble closely 
those of H pertussis, although they are much larger and the zone of 
haemolysis is more mtense and appears sooner 

We have confirmed the findings of Shibley and Hoelscher 
(1934) that H pertussis possesses a capsule and have shown that 
Br bronchiseptiea possesses a similar one The capsules of both 
organisms were difficult to stain and varied somewhat m size and 
shape They were however quite definite; and sometimes relatively 
large m comparison with the size of the organism Frequently a 
small clump of orgamsms appeared to be imbedded m a mass of 
capsular material of irregular contour There was some indication 
that >the capsular substance was easily detached Films made from 
heated suspensions showed fewer capsulated organisms and capsular 
material free from bacteria could be seen 
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have found certain discrepancies and ambiguities m the descriptions 
given by Clark and his co-workers 

The construction of the chamber 

Tlie “ round table ” variety is the type of Clark chamber from which 
we started The measurements worked out by Clark el al (1930) have 
been closely adhered to The material omployed is Perspex,* a very trans- 
parent plastic material, which can be turned on a lathe with very satisfying 


1 



Fig 1 — Shows tho separate ports of the chamber Compare with fig 2 
KEY TO FIGS 1 AXD 2 

A, 10-B A brass nut G, perspe\ plug (this plug hns a shallow groove 

B, perspex nng along one side) 

M, mica disc 05 mm H, hole to fit plug G, 1 115 mm 

C, C,, rubber washers P, buffers 05 mm 

D, celluloid washers R, radius for the tliree slh cr bolts and holes 

E, 10 B A silver bolts S, holes 1 8 mm diameter 

F, perspex bottom plate 

results and subsequently polished with metal polish The base of the 
chamber (figs 1 and 2) with the central “ table ” is turned out as one piece 
Tho top, consisting of a nng of perspex, has a sheet of thm mica cemented 
to it by means of Vanan’s cement (1931) Tliree silver bolts are fixed into 
the base to enable the top carrying the mica cover to be firmly fixed on 

* This can be obtained from Imperial Chemical Industries, Thames House, 
London 
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The special feature of this design, besides its material, is the central 
plug to the table to enable particulate matter or grafts to be applied to 
newly formed tissue This plug, which is very slightly less in diameter 
than the hole corresponding to it in the table, is made either to fit flush 
with the top of the table or to project above it for about 50-60 ft The plug 
lias a very shallow groove along one side to allow of air movement during 
manipulation It is polished at both ends and is completely transparent 
The handling of this plug will be described later 

Four perspex buffers ore glued to the table top along the periphery 
These hold the mica above the table and determine the tlucltness of the 
tissue which grows on to the central table We have used buffers 50 p 
thick Perspex is soluble in chloroform, so that tlun sheets of perspex can 
be made by pouring a httle liquid perspex on to a clean piece of plate glass 
and spreading it out with the edge of another piece of glass When the tlun 
sheet has dried it can be removed with a httle hot water The edges of the 
sheet are cut away and discarded The remainder is carefully measured 
with a micrometer, and regions of the appropriate thickness are cut out and 
used The actual buffers are made by cutting pieces about 0 5x0 5 mm 
from a piece of the proper thickness with a sharp cataract knife A dissecting 
microscope facilitates this operation Shellac m alcohol is used to glue the 
buffers to the table, and a micro-pipette to apply the shellac to the region 
of the buffer Since the shellac dries very rapidly, it is necessary to place 
the buffer on the glue as soon as a drop of shellac has touched the table 
A dissecting microscope also makes this operation much easier After the 
four buffers have been glued to the table the top is screwed on tightly so 
that the buffers are firmly fixed in place 

Insertion of the chamber 

Four holes are punched in the rabbit’s ear to take the central round 
table and the three silver bolts equipped with washers An area of skin 
the size of the chamber is dissected away from the cartilage on both sides 
of the ear The base is slipped into place and the top screwed to the base 
by means of nuts on the bolts Although simple m principle, there are 
many pitfalls which may be encountered, and we believe a detailed account 
of the instruments used and the operative technique will be of value 

1 Instruments used (fig 3) (o) It is difficult to dissect the skin of the 

ear away from the cartilage m such a way that (l) the majority of the vessels 
on the cartilage are left intact and (n) no epithelium is left behind We 
tried many tools before finding one that was really satisfactory The 
dissectoi used at present is a scalpel with a rounded tip ground to a dull 
edge 

(6) Clark and co-workers cut the holes for the central table with a knife 
and scissors We have found it much simpler to punch them out with metal 
punches made for the purpose — a punch slightly larger (8 1 mm ) than the 
central table is used for the central hole and another punch a httle larger 
than the celluloid washers is used for the bolt holes 

(c) We have also found that we can get a much more accurate fit by 
using a thick perspex template for punching the holes Tins template (fig 5) 
is drilled with four holes to correspond with the central table and the three 
bolts of the chamber These holes are just large enough for the appropriate 
punches to slip through easily 

(d) The ear is held against a special wood block covered with lint moistened 
with saline while the holes are being punched 

(e) A heavy piece of brass is used to drive the punches through the ear 

(/) Special forceps are used for handling the central plug Semicircular 
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slit and the cloth is clipped tightly to the bnse of the ear with skm clips 
As a final precaution before starting the operation the ear is swabbed with 
cotton wool soaked in alcoholic acnflavine 

Bofore starting the actual dissection it is necessary to determine the 
future site of the chamber It is advisable to placo the chamber fairly 
near the tip of the ear to facilitate observation and to prevent the splints 
(to be discussed later) from cutting the skin, and the central table should 
be close to the central artery Obviously there are two possible sites for the 
chamber since the edge of the table can be placed adjacent to either side of 
the artery. As a rule the chamber is inserted m position (a) (fig 4) with the 



Fig 4 • — This illustrates the alternative sites for insertion of the central table 

central table adjacent to the edge of the artery nearest the rolled margin 
of the ear The edge of the chamber sometimes presses against the curved 
portion of the ear, however, and may result in hypertrophy of the tissue 
along the edge Therefore, if the ear is wide enough, it is desirable to place 
the chamber in position (6) 

Having selected a site for the chamber the following- steps are taken 

(а) The holes are punched The template is placed over the site for 
the chamber on the outer surface of the ear, care bemg taken to avoid any 
large vessels m the regions to be punched The wood block, covered with 
a piece of moistened gauze, is placed against the inner surface The large 
punch is slipped into the central hole and, after making sure that the wood 
block is firmly gripped, the punch is given a sharp blow and the central hole 
is thus punched Leaving the central punch in place, the smaller punch 
is slipped into each of the three peripheral holes in the template, correspond- 
ing to the position of the three bolts of the chamber, and each hole punched 
m the same manner The large central punch is now removed In this way 
an exact fit for the chamber is ensured If care has been taken in avoiding 
large vessels there is httle bleeding, and in any case bleeding usually stops 
after a minute or two 

(б) Dissection There are now four holes cut through the cartilage and 
both layers of skm It is necessary next to lift the two layers of skm from 
the region to be occupied by the chamber Dissection is started from the 
edge of the central hole, on the inner surface of the ear, with a sharp -pom ted 
probe Having lifted the skin away from a narrow region of the cartilage 
the dissection is continued with the special dissector The freed edge of 
skm is held with a pair of artery forceps and the rounded edge of the flat 
scalpel is firmly pushed between skm and cartilage Dissection is thus 
earned out over a narrow radial strip of cartilage between the central hole 
and each of the bolt holes The dissected area of skm is then cut in a radial 
direction with scissors or a knife There are now three separate segments 
of skm to be lifted The two nearest the base of the ear are dissected first 
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splmt is cut from a piece of celluloid 1 1 mm thick and is made m the shape 
seen in fig 5 We have found that it is wise to curvo the edges of the innei 
splint to prevent cutting of the skin of the ear m tlio regions where there 
are natural folds This is done by heating the celluloid m boiling water 
and bending it to the desired shape Three holos are drilled in the celluloid 
(to fit 10-B A bolts), each hole being approximately 7 mm from the outer 
edge of the chamber when it is inserted Shields to fit over these splints 
are cut from old X-ray film and are fastened with 10-B A nuts to the holts 
holding the splints 

About a week before the insertion of the chamber, bolt holes are punched 
m the ear with a 2 mm punch, using the outor splint as a template Before 
punching, the future site of tlio chamber is roughly determined with the aid 
of a celluloid model, and with the outer splint placed m position the splint 
holes are marked with a small punch which will fit through the small holes 
m the splmt The bolt holes themselves are then punched with the same 
punch, care bemg taken to avoid any large vessels TJsuallj r there is very 
little bleeding An ether anaesthetic is used for this operation and, as the 
procedure is short, the animal need only bo kept under a few minutes 

After the chamber has been inserted, 10-B A bolts are passed through the 
holes previously punched in the ear and the two splints are bolted to those 
with 10-B A nuts Perspex sleeves 6 mm long are fitted over the bolts 
before the splints are fastened in position and act as washers to prevent the 
splints from pressing directly against the ear If these sleeves are not used 
the tissue around the bolt holes becomes greatly hypertrophied and often 
infected Finally the protective shields are slipped on to the bolts and 
10-B A nuts screwed on to keep them in position 

Observation of chambers 

The rabbit is tied out unansesthetised on the board designed by Clark, 
Sandison and Hou (1931) Sometimes for photographic purposes intravenous 
nembutal is given A special metal plate covered with cork was made to fit 
a moving stage so that the ear could be clamped to it by spring chps applied 
to celluloid splints (fig 6) The exact position of the chamber is adjusted by 
pieces of plasticene so that the mica coverskp is parallel to the surface of the 
lens 

Description of growth and nature of tissue in 

TRANSPARENT EAR CHAMBER 

Smce exhaustive studies have been made m Clark’s laboratory- 
on the growth of new tissue in similar chambers and on the nature 
of the organised tissue once it becomes stable, there is no need 
to give a detailed account of these points in the present paper, 
more particularly as our studies have only confirmed many of the 
observations of dark et al 

General account of growth 

Six to eight days after the operation capillary loops appear at 
the edge of the table, growing into the clot over the thin observation 
space These vessels are always associated with and m many cases 
preceded by a row of large active macrophages which phagocyte 
the degenerating cells in the clot and clear the way for the 
advancmg vessels As a rule the first vessels to appear on the 
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the vessels Still later a few smooth muscle cells can be seen along 
vessels winch become arterioles Certain capillaries near the edge 
of the table which are more favourably placed for supply and 
drainage of the transparent area become transformed into arteriolar 
and venous capillaries, and later a few of these become the arterioles 
and venules which handle the greater part of the blood supply on 
the table If vessels have come in most of the way round the 
central table, vasculansation is completed by the anastomosis of 
vessels near the centre of the observation table 

Once the chamber has been completely vasculansed certain 
changes occur before the observation area assumes what Clark 
terms “ the adult pattern ” 

1 Disappearance of free fluid Generally there is free fluid 
in the growing chamber, particularly m the region of the growing 
edge, and it can be identified by the pulsation of extravascular blood 
cells Once the chamber has been completely vascularised the free 
fluid disappears Clark beheves that the intercellular substance 
of an “ adult ” chamber is a gel which is only liquified under 
certain abnormal conditions, such as endothehal injury or infection, 
and our observations support this view 

2 Growth of vessels After some weeks the number of vessels 
on the central table is greatly decreased and a small number of 
vessels become larger and straighter and are transformed mto 
arterioles or venules which handle the mam supply of blood to 
the tissue of the observation area Arterioles can be identified 
by their narrow lumina, thicker endothehum and muscular walls 
and rapid circulation, while the venules appear as wide vessels 
with thinner walls and slower circulation Many of the original 
capillaries are resorbed, while some of the others show active 
circulation only occasionally 

3 Reduction m numbei of extravascular cells A fresh haemor- 
rhage immediately in front of the growing edge is usually seen m 
the new chamber These extravascular red cells, as well as poly- 
morphs and non-granular leucocytes wluch have migrated out of 
capillary loops, gradually disappear after the tissue m the chamber 
becomes more stable Once the original clot has been cleared away 
the large macrophages which accompamed the capillary sprouts also 
disappear, so that the only cells normally found m the tissue of 
the “ adult ” chamber, apart from a few polymorphs, are histiocytes 
and fibroblasts The histiocytes are particularly numerous along 
the larger vessels 

4 Increase m connective tissue stroma Accompanying these 
other changes there is a great increase in connective tissue fibres 
as the chamber grows older Connective tissue fibres are laid 
down as soon as a region is vascularised, and as the new tissue 
becomes more stable the density of the stroma increases 
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At first, attempts were made to scrape out abscesses, but without 
much success Even if a large part of the abscess is removed a few 
cocci are left behind and the abscess starts to re-form It was then 
decided that the chamber might be removed, the dissected area 
cleaned up and a new chamber inserted It was found that this 
technique met noth considerable success 


Technique A new chamber and instruments are sterilised as before 
The rabbit is given nembutal intravenously and the chamber is removed 
outside the operating theatre If there is an infection the pus is wiped 
away before sterilising the ear Keratimsed epithelium usually adheres to 
the chamber when it is removed, but if any is left behind this is also scraped 
away The ear is then soaked in a watery solution of acnflavme for half 
an hour 

The remainder of the “ repair ” is done in the theatre with complete 
aseptic precautions If epithelium is present it is dissected away with the 
special dissector and the top layer of now connective tissue is removed as 
well Before inserting the new chamber the edge of the central hole is 
trimmed with scissors Unless the vessels along the edge of the hole are 
injured m this way there is no growth of new vessels on to the central table 
The insertion of the new chamber is quite simple since there are no skin 
flaps to pull over the edges of the chamber It has been our experience that 
more harm than good is done by sealing the edges of “ repaired ” chambers 
with celloidm and cotton 

All repairs so far done have been successful In one, the growth has 
been extremely slow, since a wide space was left between the cartilage and 
the central table Practically no injury is done to the vessels in the cartilage 
during the second operation 

In general the “ repaired ” chambers are more satisfactory than the 
original in that they remain freer from infection at the edges and give an 
excellent growth on the table 

By utilising this “ repair ” technique it is possible to use one rabbit for 
several experiments — a point of importance, as it gets accustomed to bemg 
handled and observed 


Technique and effects of pulling out the central plug 
Two types of central plug have been used, as already mentioned . 
( 1 ) a plug which is flush with the central table, and (u) a plug which 
projects 50-60 p above the table top and comes in contact with the 
mica covershp In both cases the region of the central plug is 
quite as transparent as the rest of the central table 

I Growth m the two types of chamber ( a ) Central plug flush 
with the table top When the growing vessels approach the centre 
of the table they bndge the small gap of a few p between the table 
and the central plug and invade the region above the central plug 
m the usual way In couise of time vessels anastomose on the 
plug and it becomes vasculansed m the same manner as the rest 
of the table The presence of the central plug does not seem to 
modify either the rate of growth or the ultimate vascular pattern 
•of the chamber 
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to the tissue by removing the central plug and pushing in a new one 
Since much of the success of the operation depends on the strength 
of the connective tissue, however, it is wise to wait until several 
weeks after the chamber has been completely vascularised before 
attempting to pull out the plug Practically the only damage done 
seems to result from the initial movement of the plug away from 
the tissue over the central hole As long as the plug is removed 
slowly the vessels in this region remain comparatively uninjured 
Apparently injury may be done to the vessels bridging the gap 
between the table and the central plug One or two may be nipped 
when the plug is started out of the central hole and shght hemor- 
rhage may result Almost no injury is done to the vessels away 
from the periphery of the plug 

Naturally the picture after the plug has been replaced depends 
upon the amount of damage done during the operation When this 
is shght, the area over the central plug appears much the same 
as it did before the plug was removed One or two vessels near the 
edge of the plug may be in temporary stasis, but circulation starts 
again in a few hours if the vessels were not badly injured The 
endothelium of most of the vessels on the central plug exhibits 
stickiness to leucocytes of the blood stream, and there is usually 
migration of a small number of leucocytes, mostly polymorphs, m 
the first 2 or 3 hours after the operation The endothelium in 
some of the vessels may remam sticky for several days, but migra- 
tion of leucocytes only occurs during the first few hours In the 
case of small haemorrhages near the edge of the plug the extravasated 
blood does not extend into tissues very far on either side of the 
gap between plug and table These small haemorrhages are 
gradually cleared away by macrophages, and although the process 
may take as long as 5 or 6 days the reaction is entirely a local one 
The tissue on the central plug may remam rather more cellular than 
normal “ adult ” tissue, due to the presence of leucocytes, but 
these disappear during the course of 5 oi 6 days 

Vaseline was accidentally pushed mto one chamber along one 
side of the central plug and tins was ingested very slowly by 
macrophages (figs 10 and 11) Again the reaction was entirely 
a local one, limited to the region of the vaseline, and the remamder 
of the tissue on the central plug was not obscured by its presence 

In one case the original central plug was much too tight and a 
good deal of damage was done to the vessels on one half of the 
table when it was pulled out In this case the reaction was rather 
different On examination after the plug had been pulled out it 
was seen that half the vessels on the central plug were m stasis, 
and that there had been extensive haemorrhage both on to the 
central plug and into the surrounding tissue Many vessels were 
in only temporary stasis and, after several hours, circulation 
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ethylene was combined with testosterone propionate (11 out of 14 
annuals or 79 per cent ) Allowing for differences in the degree 
of mucification it is permissible to conclude that the addition of 
testosterone was more effective than the addition of progesterone 
The mucification produced under these experimental conditions is 
illustrated m figs 1-4 

Experiments on guinea-pigs. Five guinea-pigs received twice- 
daily injections of 20 mg of triphenyl ethylene m 0*1 c c of oil 
Nos lb and lc were injected over a period of 13 days and lolled 
3 days after the last injection , nos. 2a, 2b and 2c weie injected over 
a period of 11 days and lolled 2 days after the last injection In 
all these animals a high degree of mucification was found (fig 5) 
A similar degree of mucification was also found in two control 
animals, 3b and 3o, which received twice-daily injections of 10 
microgrammes of oestradiol benzoate mice, of oil over a period of 
1 1 days and were lolled on the day after the last injection 

In all these seven animals blood was present m the vagina 
during the last few days preceding the post-mortem examination 
The blood originated in the uterus It is hoped to discuss this 
phenomenon m a future communication 


Summary 

Previous investigations have shown that the synthetic oestrogen, 
triphenyl ethylene, not only produces vagmal keratimsation in the 
lower rodents but also a senes of changes m the bitch, rabbit and 
monkey similar to those produced by the natural oestrogens The 
present experiments show that triphenyl ethylene will also produce 
vagmal mucification similar to that produced by small doses of cestrm 
and that as m the case of the natural oestrogen the mucification is 
increased when progesterone or testosterone is given at the same time 

The expenses of the investigation havo been in part defrayed by a grant 
from the Medical Research Council 
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Figs 1 4 — Vaginal muoification in shoe 

Fig 1 — -Mouse MU lob, g, injected with 0 5 mg tnphenyl ethylene Mucifica- 
tion ++ x 300 

Fig 2 — Mouse MU 8b, injected with 0 00 mg tnphenyl othylono Mucification -f 
X300 

Fig 3 — Mouse MU 14h, injected with 0 6 mg tnphenyl ethylene and 1 mg pio- 
gesterone Mucification + + + X300 

Fig 4 — Mouse MU 13h, injected with 0 5 mg tnphenyl ethylene and 0 25 mg 
testosterone propionate Mucification -f-f-f X300 


Fig 5 — Vaginal mucification m guinea-pig GP lb, injected with tnphenyl 
ethylene x 76 
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the rejection of the terms gravis , mitts and intermedins because the 
clinical implications which they convey are unjustified 
' It is not our mtention in this paper to attempt to review this 
new literature, but to point out that there is a conflict of opinion, 
not about the existence of the three types described, but about 
the validity of the suggestion that the rough starch-fermenting 
diphtheria bacillus is a much more serious menace to the person 
infected than the smooth non-starch-fermenting variety 

There are obvious weaknesses m some of the criticisms advanced, 
e g the practice of using one only of the criteria recommended for 
the differentiation of the types, namely the appearance of colonies on 
sohd media (Hilgers and Tlioenes, 1936 a and b) It is often inferred 
that the observation of a number of mild cases of gravis infection 
effectively disposes of any justification for n ailin g the bacillus by 
that name It is noteworthy that von Bormann, m an extensive 
review of work bearing on the significance of the diphtheria types, 
first deprecates the practice of typing based on one characteristic 
only, and then quotes the work of Hilgers and Thoenes, which is 
so based, as providing definite ground for rejecting the classification 
mto gravis and mitis types 

It would be absurdly out of keeping with all we know of infective 
disease to claim for any one variety of micro-organism that all cases 
of infection by it were severe No such claim has ever been made for 
the gravis type of diphtheria bacillus It seemed to us, however, that 
we would be more likely to elucidate the matter by seeking further 
evidence for or agamst the hypothesis advanced than by a detailed 
criticism of the published work We have been engaged, therefore, 
during the last two-and-a-half years in an investigation of the 
post-mortem appearances in fatal cases following infection with the 
various bacillary types 

The chief obstacle to the progress of this investigation has 
been the infrequent occurrence of mitis deaths The gravis epidemic 
reached its height m Leeds m the year 1934 Since then this type 
of infection has gradually receded and mitis infection has become 
predominant, without ever bemg responsible for so high a percentage 
of all cases or so large a total of cases as were associated with 
predominant gravis infection between 1931 and 1935 These 
fluctuations are indicated m fig 1 The trend of diphtheria from 
1935 to midsummer 1938 — a rising mcidence of mitis infection — 
has therefore been optimal for the observation of severe cases of 
mitis infection and deaths from such mfections have in fact been 
a good deal more numerous than in the period 1931-34 Tins 
notwithstanding, our observations on the post-mortem appearances 
in these infections have accumulated very slowly Throughout 
the last seven years mfections with the intermedins type of the 
diphtheria bacillus have been rare m Leeds This is not easily 
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death The cultures together with material for histological 
examination have been sent to Leeds from each of these cases 
Including the latter, our senes consists of 51 cases, of which 
23 were gravis infections, 14 intermedins , 11 mitts and 3 mixed 
(2 with gravis and mitts strains and 1 with intermedins ante mortem 
followed by mitts post mortem) An important pomt in this 

Table I Diphtheria in R School 


Date 

Case 

Severity 

1 6 37 

f E W 

Slight 

3 6 37 

G-l I IV 


3 6 37 

Ui w 

tt 

29 7 37 

,SH 

Moderate 

12 10 37 


E W 


4 11 37 


JH 

Severe (died) 

22 11 37 


JEH 


23 11 37 


LMP 

Moderate 

24 11 37 

ij 

IGP 


6 12 37 


MG 

Severe (died) 

13 12 37 


DC 

Moderate 

24 12 37 


E AN 

Severe (died) 

25 12 37 


LJI 

Moderate 

28 12 37 


BN 


28 12 37 

• 

P H H 

Severe (died) 

3 138 



>» 1) 


The first three cases, all from the same family, -were gravis infections Eight 
weeks after the removal from school of the last infected member of this family an 
tntermedius infection appeared From then onwards for six months only intermedins 
infections were recorded m this school The seventy of these infections, however, 
was remarkable The post-mortem findings show that double infections with 
C diphtherias and H influenzal were present in most if not all of these cases and 
may have been partly responsible for their unusual seventy 


investigation seemed to us to be that the type determination 
recorded during life for each case should be confirmed by the post- 
mortem isolation of the same type of diphtheria bacillus if the 
findings at necropsy were to be accepted as reliable examples of 
the morbid changes associated with that type 

In this connection it is of interest to note Premier's (1936-37) 
suggestion that some of the recorded cases of mitis death may m 
fact be due to cross infection m the wards of a fever hospital 
Further, it may be significant that Hilgers and Thoenes, who 
record a much higher death rate in mitis diphtheria than any other 
writers on the subject, also describe an unusually high incidence 
of type changes on repeated swabbing and of mixed infections. 
Before entering on our results, however, it is desirable to describe 
briefly the methods employed 

Scope and methods op bactebxologxoal observations 

In most instances a culture taken before death was examined In all 
such cultures as well as in those taken after death the following points were 
noted m determining the type of C diphtherias recovered 
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(b) Agreement of findings before and after death in resped 
of bacterial type 

Our observations on this point were limited in scope owing to 
the absence of a bacteriological examination prior to death m 
seven cases and failure to isolate diphtheria bacilli from the body 
m six cases which died late There remain, however, 38 cases 
(16 gravis, 13 mtermedius and 9 mitis) in which the bacteriological 
type was found to be identical on examination m life and after 
death. In three cases a discrepancy between ante-mortem and 
post-mortem findings was recorded (table III) The first two cases 

Table III 


Three cases showing a discrepancy between the ante-mortem 
and post-mortem bacteriological findings 


Place of origin 

Bacteriological findings 

during life 

after death 

Leeds 

Liverpool 

Liverpool 

Grains 

Inlermedius 

Mitis 

Grams copious, mitts numerous 
Mitts death 7 weeks after first 
examination 

Gravis predominant, mitis numer- 
ous , both pathogenic to gumea- 
pigs 


might readily be explained by cross infection m the wards The 
findings m the third case are not easily interpreted A mixed 
culture of gravis and mitis was obtained from the throat One 
colony of gravis was recovered from the left lung and a small 
number of colonies of diphtheria bacilli appeared m cultures from 
the right lung Amongst these the presence of (a) mitis resembling 
that found m the throat and (b) gravis, was determined 

There were 28 cases m which G (diphtherias was recovered from 
both tonsils and lungs post mortem (15 gravis, 9 intermedins, 3 mitts 
and 1 gravis-\-mitis) In all these cases the type of bacillus recovered 
from the lungs was identical with that recovered from the local 
lesion 

Observations on the presence of other pathogenic 

ORGANISMS AND THEIR POSSIBLE INFLUENCE ON THE 
FATAL ISSUE 

Attention was concentrated particularly on the presence of 
bacteria other than G diphtherias m the spleen and lungs m order 
to determine (a) whether secondary infection played an important 
part m causing death, (6) whether secondary infection was more 
important in the deaths due to one or other of the diphtheria types 
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Morbid anatomy 

It will be most convenient to deal in the first place with the 
48 cases m -which one and the same type of organism was present 
at all bacteriological examinations) both ante and post mortem 

Local lesion 

The primary local lesion was situated m the fauces m most 
cases , there were six exceptions, however, namely one mitts 
(nasopharynx), three gravis (nose 2 larynx 1) and two inter- 
medins (nose 1 larynx 1) In the latter there was no involvement 
of the fauces and with the exception of one nasal gravis case they 
all showed persisting evidence of acute diphtheritic inflammation 
at necropsy 

Of the 42 cases with primary faucial lesions, 31 died in the 
acute phase of disease and showed corresponding change m the 
tissues of the throat Included in this group are 7 mills, 15 grams 
and 9 intermedins cases Resolution of the local lesion was complete 
or almost so in 6 cases (3 mitis and 3 gravis) while in the remammg 
5 cases (3 intermedins and 2 grams) subacute or chrome inflammation 
with fibrotic changes was found 

Perhaps the most important observations arising out of the 
present investigations refer to the differences m the acute local 
lesion m typical mitis and gravis diphtheria Before describing 
these in detail, it may be well to state that importance is attached 
to two points in particular, (l) the much deeper penetration of the 
tissues below the surface m gravis as opposed to mitis infections, 
and (n) the marked selective effect on the tonsils and cervical 
lymphatic glands m gravis and intermedins diphtheria Such 
findings make it possible m the majority of cases to distinguish 
between mitis infection and infection with the other two types 
before the organism itself is identified No distinction can be made 
on these grounds between gravis and intermedins diphtheria 

Mitis diphtheria Here there is generally an abundant 
formation of firm cohesive membrane which may mvolve the 
faucial pillars, tonsils, uvula, soft palate, posterior pharyngeal wall, 
base of tongue and epiglottis In a considerable proportion of cases 
(table V) it spreads downwards into the larynx, trachea, bronchi 
and even for some distance into the mtrapulmonary branches of 
the last named In the throat, the tonsils are never involved to a 
greater degree than the surrounding structures, indeed they may 
sometimes be relatively free The cervical glands show only 
minimal enlargement 

Histologically the membrane is found to consist of abundant 
fibnn, m the meshes of which are entangled a considerable number 
of leucocytes and a few red blood cells The epithelial surfaces 
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clinical experience, the grams infections in this senes frequently 
showed very large amounts of membrane At necropsy, however, 
it has not been a conspicuous feature. This paradox will be 
discussed later , m the meantime it should be emphasised that 
references to membrane formation in the ensuing descriptive section 
apply only to our post-mortem findings In gravis diphtheria we 
have rarely found any considerable formation of membrane except 
in relation to the enormously enlarged tonsils, wheie the super- 
ficial exudate is contmuous with similar material extending deeply 
into the substance of the gland When membrane is found m 
other situations, it is only exceptionally of the tough cohesive 
texture of mitis membrane and is generally friable and granular 
or mucoid, breaking up when attempts are made to detach frag- 
ments Only infrequently does it reach the larynx and upper 
trachea, and in the present series never the lower trachea and 
bronchi 

The tonsils are enlarged, sometimes to a very great size (fig 4) 
Their surfaces are rough and ragged, and covered with necrotic 
and often malodoious material The colour is variable when 
only a short interval has elapsed between death and necropsy they 
are a rich purplish red, otherwise they are most often almost black 
In size, colour and texture the intact tonsils have sometimes recalled 
the appearance of a pickled walnut On section the same colour 
may be seen throughout, but more often the out surfaces are 
mottled or laminated and streaked with yellow Haemorrhage can 
be seen m the tonsillar bed 

Histologically, almost all the lymphoid substance of the tonsil 
is replaced by exudate which vanes in composition from place to 
place (fig 2) Sometimes there is a considerable amount of fibrin, 
though never so much as in the typical mitis membrane and it is 
always more heavily infiltrated with leucocytes , in parts the 
exudate is frankly purulent, the leucocytes bemg degenerate and 
fibrin absent, while m other parts there are quite extensive haemor- 
rhagic areas containing few cells except red blood corpuscles Only 
the merest remnants of lymphoid tissue remain In the tonsillar 
bed there are nregular haemorrhages, leucocytic infiltration, in- 
flammatory oedema, intravascular thrombosis and patchy necrosis 
of voluntary muscle fibres In the more chrome cases collagenous 
scars can be found both within the tonsillar substance and in the 
subtonsillar tissues Recovery and regeneration of the tonsil is 
evidently a more protracted process in gravis than m mitis diphtheria 

Wlule the tonsillar phenomena constitute the most striking 
part of the gravis lesion, there is generally considerable swelling of 
the surrounding tissues, including the posterior pharyngeal wall 
In a high proportion of cases there is oedema of the ary-epiglottic 
folds, which is at any rate m part inflammatory m origin The 
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necrosis ” Its incidence m the various types of case is shown in 
table VI 

Table VI 


Incidence of haemorrhagic necrosis of the tonsils 



Gravis 

Intermrdius 

Mihs 

Well marked acute lesion 

14 

7 

■9 

Chrome or subacute lesion with necrosis 
and fibrosis 

4 

5 

■2 

No lesion 

3 

1 

10 

Total 

21 

13 

10 


Four cases are excluded from this table one recent tonsillectomy and three 
infants with very rudimentary tonsils 


Larynx, trachea and bronchi 

Many of the important findings m these situations have already 
been dealt with The primary lesions were laryngeal m two cases, 
one gravis and one intermedins, but extension of the superficial 
membrane to the air passages from a faucial primary lesion was 
much commoner in mihs infections than in the other two (table V) 
The firmer character of mihs membrane was particularly well 
shown m these sites Tracheotomy had been necessary m five 
mihs, three gravis and two intermedins cases respiratory obstruc- 
tion was the most frequent cause of death in mihs cases but this 
was relatively rare in gravis and intermedins cases 

In a number of gravis cases the trachea and bronchi contained 
large quantities of dirty brown, rather thin mucus of unpleasant 
odour A degree of mucous bronchitis was almost constant 
throughout the senes , mucopurulent and purulent bronchitis 
were more frequent m gravis and mtermedius cases 

Langs 

The most constant finding was acute general emphysema , this 
was present even m cases which did not show clinical signs of 
respiratory obstruction The condition was generally accompamed 
by small areas of collapse, especially at the postenor surfaces of 
the lower lobes 

Bronchopneumonia was found m a high proportion of cases and 
may be roughly subdivided mto three categories 

(1) Aspiration pneumonia (m late paralytic deaths) , one 

gravis, one mihs 2 cases 

(2) Severe, sometimes confluent bronchopneumonia, probably 

of significance m relation to death , three gravis, three 
intei medius, one mihs * 7 cases 
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and •with the seventy of the disease. As may be seen from the 
values of x 2 and £* the association is not one that w onld be likely 
to arise by chance It is moreover of a relatively high degree, as 
the coefficient of association (Q 6 ) is approximately 0 9. It may 
be that this indicates that the action of gravis infection is particularly 
marked upon the lymphatic tissues generally, but such examinations 
as we have made of lymphatic glands other than cervical have not 
shown similar lesions While hyperplasia and necrosis of the 
follicular reticulum cells of the spleen are of course by no means 
confined to diphtheria, these are remarkably constant and unusually 
well marked in the more severe cases of diphtheritic infection 

Livei . 

Toxic changes were more marked in gravis and inlet medius 
than in miiis cases Well marked cloudy swelling was the usual 
finding Fatty change was not conspicuous, and the fat winch 
was present tended to be uniformly distributed m small droplets 
throughout the lobules Many of the livers were cedematous 
Multiple focal necroses have been previously recorded as a character- 
istic hepatic lesion , m our senes these were observed three times, 
all m acute gravis cases Swelling and some numencal increase of 
Kupffer cells were fairly constant findings Nutmeg liver was seen 
m the congestive heart failure deaths 

Kidneys 

In three of the present senes the kidney changes were regarded 
as sufficient to justify the term nephritis The first was a mitts 
case of 11 days’ duration m which, m addition to severe degenerative 
changes in the tubules, there was conspicuous hyperplasia of the 
parietal epithelium of Bowman’s capsule The second was an 
intermedins case, also of 11 days’ duiation, in which m addition 
theie was much haemorrhage into the tubules Focal embolic 
nephritis was encountered m an intermedins case, in which haemo- 
lytic streptococcal septicaemia was also present In several of the 
other cases changes were relatively moie marked m the kidney than 
m any other viscus 

It is somewhat surprismg that the most evident histological 
changes should have occurred m a nut is and an intermedins case, 
as m geneial the toxic changes m the kidney (nephrosis) weie much 
greater in the acute grams cases than m the others These changes 
comprised marked swelling of the glomerular endothelium, with 
albuminous material m Bowman’s space and occasionally adhesions 
between the tuft and the panetes, and extreme degiees of cloudy 
swelling (sometimes with associated fatty oi hyalme droplet 
degeneiation) of the tubules, and hyalme and granular casts m 
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Intermedius. 1 Haemolytic streptococcal septicaemia with focal 
embobc nephritis 

Mitis. 1 Rheumatic endocarditis and myocarditis Fibrosis and 
fusion of aortic and mitral cusps, acute dilatation, pericardial fluid about 
400 ml , histologicallj the myocardium contained many characteristic 
Aschoff nodules 

2 Patent interventricular septum The defect, about 1 cm m greatest 
diameter, was situated immediately below the aortic valve, and the septum 
for some distance around it was composed exclusively of fibrous tissue 

3 Active caseous tuberculous focus m right lung, conglomerate tuber- 
culoma of spleen, scattered miliary tubercles in liver 

4 Chronic malnutrition m a young baby Tlus is the exceptional nulls 
case previously referred to, in which the inflammatory process penetrated 
deeply into the tissue as m grans cases It seems possible that the poor 
state of nutrition may explain the feeble resistance to infection 

5 Acute tonsillitis H influenzas recovered m large numbers from the 
tonsil The tonsils were quite unlike any others seen in the senes, being 
enlarged, but pink on section and of fleshy consistency , lustologically they 
showed superficial membrane of characteristic mitis type, but the lymphoid 
tissue was intact, though it contained numerous \ ery large foci of reticulum 
cells 

6 Death during the operation of tracheotomy The child died 
immediately after the knife entered the trachea At necropsy there was 
found between the oedematous ary-epiglottic folds a loose fragment of 
membrane which corresponded in shape and size to a denuded area on the 
tracheal surface at the incision The proximate cause of death would appear 
to have been spasm of the glottis 

In addition to the above cases, there were three (one of each bacterial 
type) in wluch there was some evidence of an old myocarditis There were 
insufficient grounds, however, to justify us m forming any opinion as to its 
significance m relation to death 

Causes of death 

In many of our cases there were present at necropsy more than 
one lesion which might be regarded as the proximate cause of 
death, eg degenerative changes m the myocardium coincided m 
one case with an unusually extensive pneumonia We have 
attempted to classify the causes of death on as broad a basis as 
possible m table VIII, which serves to brmg out one important 
pomt, namely that respiratory obstruction plays a more important 
part than general toxsemia m mitis cases, while the reverse is true 
for gravis and intermedius cases 

A few pomts m amplification of table VIII should be mentioned 
Included under obstructive deaths there are not only those due to 
the membrane, but also the mitis case m winch death occurred 
d uring tracheotomy (case 6 m the hst given above) The tabulated 
toxic deaths include the 6 cases (two giavis, three intermedius and 
one mitis) m which myocarditis was the dominant lesion Of the 
remaining toxic deaths, the effects were most marked in the heart 
in 5 cases, m the kidney m 3 cases, m the suprarenal m 1 case 
and m the liver m 2 cases , m the others the changes were similar 
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tune of its publication The most complete account of the 
pathology of human diphtheria is probably that of Mallory (1908) 
and knowledge of the subject was summarised more recently by 
Andrewes et al (1923) In relation to the older work it will be 
sufficient to say that we have observed no individual lesions which 
have not been described already 

During the clinical course of gravis diphtheria it is usual to see 
m the fauces an amount of membrane exceeding the average for 
all diphtheria cases It forms m the first place as a thm senu- 
translucent layer which may in the course of a few hours become 
firmer and changed m colour to grey, dark brown or black When 
fragments separate they are unusually tough The process is most 
marked over the greatly enlarged tonsils, but may also involve 
the faucial pillars, the posterior pharyngeal wall, the uvula and 
even the palate Tins phenomenon has rarely been seen at necropsy 
and an explanation of the discrepancy between post-moitem findings 
and clinical observations on giavis infections is required 

In the first place it is clear from the difficulty which the diagnosis 
of gravis cases often presents to cluneal obseivers m the early stages 
of the disease that marked membrane formation is not a feature of 
all cases and that m a ceitain number of the fulminant deaths 
there is no real discrepancy between the observations of clinician 
and pathologist 

There remam however numerous gravis cases m which chmcal 
observation records marked formation of membrane both over the 
tonsil and passing beyond it to palate, uvula and even gums Some 
of these recover and some die late, but there remain a number m 
which the absence of any marked membrane post mm tern must be 
explained Agonal or post-mortem proteolysis under the influence 
of cellular and bacterial ferments probably plays a considerable 
part and can readily be accepted as an explanation of the dis- 
appearance of the tonsillar membrane, since there the structure 
of the superficial membiane is practically indistinguishable from 
that of the exudate within the body of the tonsil The extremely 
malodorous nature of the faucial contents stiongly suggests the 
presence of a putrefactive piocess m many cases It is not so easy 
to explain the disappearance of extratonsillar membrane, smee we 
have httle evidence of damage to the epithelium of the mouth m the 
immediate vicinity of the tonsil such as one would expect to find 
if a membiane involving the epithelium had recently been dis- 
integrated We doubt, however, whether the correlation of clinical 
and histological observations lias been so meticulous m this series 
as to justify the statement that we have found an intact epithelium 
at death where shortly before a heavy membrane had been observed 
in the living patient 

The chmcal infrequency of respiratory obstruction in gravis 
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muscle they were rarely found and then only as isolated organisms 
The total number of demonstrable bacteria was not significantly 
different m grams, mtermedms and mitis cases 

It may be regarded as proved that the local defensive reactions 
are much more efficient in mitis infections than m the other types, 
and inasmuch as the predominant phenomenon in the local reaction 
is the formation of large amounts of fibrinous membrane, it is not 
surprising that the incidence of respiratory obstruction is highest 
in mitis cases 

The greater seventy of the general toxic effects of gravis and 
mtermedms infections than of mitis may possibly be attnbutable 
wholly or m part to the more effective local resistance m the latter ' 
The general suggestion underlying our results as a whole is that the 
toxaemia differs quantitatively rather than qualitatively when the 
three types of infection are compared The experimental protection 
of animals from infections with the different types of diphtheria 
bacilli, passively by the administration of antitoxin or actively 
with toxoid preparations, and the direct study of toxins obtamed 
from these various types, have led to the conclusion that the toxins 
formed are identical, and m so far as the evidence of toxic action 
on the tissues of the body is concerned, our results would suggest 
a toxic action differing m degree rather than m quality. Thus 
although m the majority of instances the degenerative changes m 
the heart, liver, kidney etc were more severe m gravis than m 
mitis cases, nevertheless the more severe manifestations of visceral 
involvement, e g myocarditis and nephritis, have also been seen m 
mitis cases Moreover, in the exceptional mitis case already referred 
to the toxic changes in the viscera were of a profound order The 
greater severity of the gravis and intermedins infections remains, 
however, to be explained Assuming identity of toxins, the 
explanation might be either (a) that the gravis strain is the best 
producer of toxin in vivo notwithstanding its poor performance 
in vitro, or (6) that owing to its greater penetrating power, it produces 
toxin in sites from which the latter is more rapidly absorbed Our 
post-mortem series does provide evidence for the second explana- 
tion, although it does not exclude the other possibility It is still 
necessary to explain m some way the greater penetrating power of 
these strains This may very possibly be due to toxic elements 
of which we have not yet got sufficient knowledge 

Tentative reference has been made by Cooper et al to the 
limitation of haemorrhages to giavis and intermedins cases and to 
the relatively greater frequency of these phenomena m the latter 
infections In the present work we have regarded the post-mortem 
evidence of haemorrhagic phenomena as unreliable Such evidence 
is not as a rule striking Subendocardial or subpencardial petechiae 
may occur terminally m asphyxia and may not properly be refer- 
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No evidence of C diphtheria baciUsemia has ever been obtained 
in this senes 

Focal necrosis of the malpighian bodies of the spleen is a 
significantly frequent concomitant of haemorrhagic necrosis of the 
tonsil 

While pneumonia m general does not seem to be an important 
cause of death, we have had occasional examples of a peculiar focal 
haemorrhagic consohdation of the lungs, not obviously entirely 
inflammatory In all such cases, both C diphtheria and H influenza 
were recovered from the pulmonary lesions 

We have pleasure in. expressing our appreciation of the facilities which 
have been afforded us by Dr E C Benn of Seacroft Hospital m carrying out 
this work and also in thanking Dr K E Cooper, who has helped with the 
bacteriological investigation of a few eases, and we are much indebted to 
Dr Matthew Young for help with the statistical analysis of numerical data 
Reference has already been made in the text to the very generous assistance 
received from Professor H D Wright and Dr D T Robinson of Liverpool 
We also wish to acknowledge with thanks a grant from the Medical 
Research Council in aid of expenses 
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Microscopically the gravis colony is matt, flat, -with crenated 
edge, the mitis smooth, reflecting the hght, domed, with entire 
edge, and the intermedins matt or rough, small, flat or very obtusely 
conical, sometimes with shghtly irregular edge 

We have found that 2 5 per cent of agar is the best concentra- 
tion but 1 5 per cent is satisfactory , 5 per cent is unsatisfactory 
both for growth and differentiation 

Meat extract is necessary for good differentiation and an extract 
made from frozen ox heart is generally better than one made from 
fresh veal 

The appearance of the colonies is apt to vary a httle with 
different batches of nutrient agar, even though these are made by 
the same person and contain the same percentage of blood of the 
one animal It is, however, easy to distinguish with the naked 
eye between the three types of colony on any batch of nutrient 
agar containing 10 per cent of gmnea-pig or rabbit blood or on good 
quahty nutrient agar containing 5 or 2 5 per cent of these bloods 
Differentiation is difficult on good agar containing 10 per cent of 
sheep blood and is practically impossible with 5 per cent of sheep 
blood or with human or horse blood 

The colony microscope is hardly necessary with 10 per cent of 
guinea-pig or rabbit blood on any batch of agar or with 5 or 2 5 
per cent guinea-pig or rabbit blood on good agar With 10 per cent 
of sheep blood, unless the agar is of the best quahty, the microscope 
is indispensable for distinguishing between grams and mitts colonies , 
those of intermedins type are easily recogmsable with the unaided eye 
Because guinea-pig blood agar was so satisfactory, it was 
thought that Clauberg’s medium might be improved by substituting 
guinea-pig blood for sheep blood But Clauberg’s medium is 
practically useless when made with gmnea-pig blood, which is not 
completely lysed by glycerin The medium is therefore opaque 
instead of transparent and growth of C diphtJience is sparse and 
type differentiation difficult before 48 hours 

Discussion 

Of the many reports since that of Anderson, Happold, McLeod 
and Thomson (1931) it is remarkable that there are apparently only 
two which mention the characters of the various types of 
C diphthence colomes on blood-agar Preuss (1936) reported that 
the types can be differentiated on human or rabbit blood agar and 
Puschel (1936-37) that the colomes of the three types can be dis- 
tinguished readily on gmnea-pig blood agar * Puschel’s description 
agrees with ours She recommended freshly poured plates but we 
have found them satisfactory up to one week 

Clauberg’s (1931) medium is excellent for recognising and 


* Similar results are recorded by Gundel and Tietz (1034-35) — Ed 
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The quality of the nutnent agar influences differentiation less 
•with guinea-pig or rabbit blood than with sheep blood, with which 
some batches of nutnent agar are not satisfactory With 
10 per cent of guinea-pig blood differentiation is excellent on any 
of the nutnent agar bases tned 
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organisms other than sarcmae, diphtheroids and diphtheria bacilli in the 
cultures Diphtheroids can m most instances be readily distinguished by 
their shortness and tendency to divide evenly Diphtheria bacilli are longer, 
especially those of the mitts type, may be barred, especially those of mter- 
medius type, or if shorter, may be pointed at one end and show a tendency 
to divide into two portions of unequal length, seen especially in the gravis 
type Pleomorphism is sometimes well marked especially with certain nulls 
strams The growth on tellunte blood agar is somewhat slower than on 
Loeffler’s medium and we have found that it is advisable to reserve it for 
swabs arriving at the laboratory in time to allow of a full 16 hours’ incubation 
before examination 

The accuracy of identification of diphtheria bacilli in this way may be 
judged by the fact that of 553 throat swabs which were considered positive, 
641 were confirmed after isolation and of 255 nose swabs 248 were similarly 
confirmed In all, of 808 microscopic diagnoses from films of growth on 
tellunte blood agar, 789 (97 7 per cent ) were confirmed while 19 (2 3 
per cent ) were false These results were obtained after a considerable 
expenence of the method The chief difficulty has lam in distinguishing 
barred diphtheroids from diphtheria bacilli of the intermedins type and 
certain, usually gravis, strams from diphtheroids of similar size Granulation 
of the bacilli is usually poorly developed 

The microscopic diagnosis was reported and all positive results 
were checked by plating on tellurite blood agar Where the 
microscopic result was negative the culture on the Loeffler slope was 
emulsified m saline and a portion plated on tellunte blood agar 
Further swabs from negative cases were examined on each of the 
two following days unless the second exammation gave a positive 
result 

Altogether 1684 cases were examined m this way, of which 
1129 were finally diagnosed as diphtkena and 555 were found to 
be suffering from some other disease All had been notified as 
diphthena pnor to admission The microscopic diagnosis is that 
arrived at after exammation of films from both the cultures 

In the cases which clinically were not diphtheria the microscopic 
findings were as follows 


No C diphthence seen in films or isolated 

Cases 

Per cent 

on plates 

0 diphthence seen but on isolation proved 

526 

94 8 

non-virulent 

14 

2 5 

C diphthence not seen m films but isolated 
, on plates and proved non-virulent 

0 diphthence thought to be present m 

2 

0 4 

films but not isolated (false -f) 

13 

2 3 


555 



The error of the microscopic method as compared with the 
clini cal diagnosis was in this group a little over 5 per cent — 
2 9 per cent due to the presence of non- virulent organisms of mitis 
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unn ecessary to make repeated diagnostic swabbmgs if the results 
accord with the clinical opinion but that this is valuable where any 
discrepancies occur 

Accuracy of microscopic identification of diphtheria bacilli 

We have used the material available to estimate the accuracy of 
a microscopic identification of the diphtheria bacillus based on the 
examination of cultures on both Loeffier’s medium and tellurite 
blood agar slopes as judged by subsequent isolation on tellurite 
blood agar plates. Our information relates to the examination 
of 1675 swabs (table II) 

Table II 

Correctness of microscopic identification as judged by plating 


Categori 

Snnbs examined 

Microscopic — 

Hate - 

+ 

+ 

+ 

+ 

Diphtheria cases 

748 

57 

670 

0 

21 

Cases not diphtheria 

927 

885 

22 

16 

4 

Total 

1675 

942 

692 

16 

25 


Judged by this standard the microscopic identification was 
correct with 1644 swabs (97 5 per cent ), yielded false positives 
with 16 (1 per cent ) and false negatives in 25 (1 5 per cent ), the 
total error being about 2-5 per cent 

Value of nasal swabs for diphtheria diagnosis 

As we wished to simplify our method without sacrificing the 
advantages of usmg two media and employing plates we decided 
to limit the examination of nasal swabs as far as possible This 
appears to be justified by the fact that we have compared the 
results of examining 839 pairs of swabs from cases of diphtheria 
and found that 565 (67 3 per cent ) were positive m the throat and 
negative m the nose, 257 (30 6 per cent ) were positive in both, 
while 16 were positive in the nose and negative in the throat One 
case was negative in both but a positive culture was obtained 
from the trachea In only 16 cases therefore of those examined 
for diagnostic purposes was any advantage found in exa minin g 
nasal swabs These cases were all suffering from either nasal or 
laryngeal diphtheria In one case of the latter an mtermedius strain 
was isolated from the trachea and nose and a non-virulent mitis 
strain from the throat In our later work we therefore limited 
our examin ation of nasal swabs to cases with nasal discharge and 
laryngeal cases This limitation applies only to the diagnosis of 
diphtheria and not to cases examined prior to discharge from 
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checking of our microscopic methods was undertaken, an experience 
not without profit to those concerned. Possibly certain advantages 
are attached to the “ wet ” method of staining We do not think 
that the relatively favourable results with Loeffler’s medium was 
due to a general inefficiency in our methods During the period 
1571 cases of diphtheria were diagnosed clinically In 1554 (98 9 
per cent ) the swabs were positive and m 17 (1 1 per cent ) negative 
In our experience the combmation of the Loeffier slope and the 
tellunte blood agar plate gives the maximum of accuracy with the 
minimum of work. The virtue of tbe introduction of the tellurite 
plate seems to us to he not so much m its greater efficiency, though 
we think it is more efficient on the whole, as in the check it provides 
on the microscopic work and the replacement of sometimes dogmatic 
opinion by ascertamed fact The double method is well worth the 
extra work because of the added sense of security which it gives 
Even with it we are still left with a discrepancy of about 1 per cent, 
between chmcal opinion and laboratory findings, a discrepancy 
which so far we have not been able to eliminate 

We have not had extensive exponence of Clauborg’s medium, the latest 
prescription for which is given m detail by Sutherland and Iredalo, but we 
have made some observations on its use The agar basis we have used is 
the ordinary one currently employed in thoso laboratories made from beef 
and proteose peptone and appears to bo satisfactory In general we have 
found that gravis and intermedins strains grow woll and produco good 
colouration m 24 hours but a proportion of mitis strains grow poorly and 
produce little or no colour m that time though this might appear lator 
On the other hand many cocci produce a blue colour and certain diphtheroids 
produco largo amounts of alkali and may prevent tlio development of an 
acid reaction by diphtheria bacilli m their neighbourhood We think the 
medium comphcated and have endeavoured to simplify it Our experiments 
indicate that the blue colour depends on the production of sufficient acid to 
change the colour of the slowly reacting water blue For this the glucose is 
essential but the glycerol plays no part in the change The sodium acetate 
can apparently be omitted without disadvantage Cystin however is essential, 
as it permits of heavier growth and better acid production The lysed blood 
cannot bo safely reduced much below 16 per cent but either sheep or ox 
blood may be used and we have found that Seitz-filtered lysed sheep blood 
is entirely satisfactory Wo have been unable to satisfy ourselves that tlio 
addition of glycennatod blood which has been allowed to “ ripen ” for six 
weeks adds anything to the value of the medium A simply prepared medium 
consisting of beof infusion agar, sheep or ox blood (16 per cent ), potassium 
tellurite (0 4 per cent ), glucose (1 6 per cent ), cystin and the dyo solutions 
made up and used as described by Sutherland and Iredalo has given us as 
good results as the more comphcated medium It sorves as a good check 
on any microscopic mothod used, but m a small senes of cases exammed 
pnor to discharge from hospital gavo results whioh were rather mfenor to 
thoso obtained by microscopic examination of films from cultures on tellurite 
blood agar slopes Wo have not persisted with the medium, as it is quite 
useless for typing the organisms and this was one of the mam objects of our 
investigation 
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20 were aged 5-9, 9 were 10-14 and 18 were 15 or over. It is m 
the age group 15-}- that we have met with most difficulty It 
is in this period that the notification error is greatest and we have 
found that many cases with the clinical features of diphtheria are 
m fact cases of streptococcal tonsillitis Of late we have regularly 
examined swabs from such cases for haemolytic streptococci Just 
how many of the 59 patients were really suffering from diphtheria 
it is impossible to decide Some certainly were, for two subsequently 
developed mild paralysis and one or two had mild circulatory 
disorders Some difficulty has also been experienced with laryngeal 
cases and in one or two instances we have been able to isolate 
diphtheria bacilli only from a tracheotomy wound or from the 
nose We are satisfied that repeated nasal and throat swabs 
should be exammed from all such cases On the other hand we have 
met with at least three cases requiring tracheotomy which were 
not diphtheritic 

We think it evident that it is well worth while to confirm all 
diagnoses of diphtheria bactenologically and m the absence of such 
confirmation to review the diagnosis, not so much for purposes 
of treatment as for administrative reasons, for the patient who is 
not suffering from diphthena should not be exposed to the risks of 
detention m a diphtheria ward in winch cross infection is rife and 
may lead to serious illness or prolonged hospitalisation 

The error of notification of diphthena at various age periods 

In estimating the seventy of diphtheria m a community the case 
fatahty rate is the only standard available It is probable that the 
error of notification of deaths from diphtheria is not large and 
therefore the accuracy of notification of cases is of great importance 
It is generally recognised that this is hable to considerable error and 
that case fatahty rates must be accepted with reserve We find 
that the crude rate for our senes is m error by approximately 
40 per cent for cases at all ages The error at different age periods 
is recorded m table V 


Table V 

The erroi of notification of diphtheria at various age periods 


Category 

Age period 

Total (age 
known) 

Not 

known 

0-4 

6-0 

10-14 

16 + 

Diphthena * 

35 

822 

1375 

405 

218 

2820 

Not diphtheria 

24 

409 

480 

306 

512 

1773 

Notified as diphthena 

59 

1231 

1801 



4593 

Percentage not diphthena 


33 2 

26 1 



38 6 


* Confirmed bacteriological!} , carriers excluded 




















138 H R SHONE, J R TUCKER, V. CLASS, H D. WRIGHT 


We are indebted to the Medical Officer of Health of Liverpool, Professor 
W M Frazer, and his assistants for many facilities afforded m this investiga- 
tion, to Dr A E Hodgson for a great deal of assistance with the clinical 
material and especially to Dr F Weightmari, Dr A B Concanon and other 
resident medical officers for much cluneal help without which our study 
would have been impossible 
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opaque greyish growth with a rather dry surface and slightly irregular edge , 
All mitts strains were examined for tlieir power to ferment glucose, sucrose 
and starch, to distinguish them from diphtheroids on the one hand and 
certain gravis strains on the other Intermedins strains were examined only 
for power to ferment sucrose, as the only difficulty here arose from confusion 
with a sucrose -fermenting diphtheroid, and gravis strains for their action 
on starch 

Tliis technique appears to us to be the minimum for type differentiation 
but it has sufficed in most instances Doubtful strains have been examined 
more fully and we are indebted to Dr D T Robinson for examining a large 
number serologically All the gravis strains except 3 fell into his typo I 
(Robinson and Peeney, 1936) and these 3 weie all of type HI, showed coccoid 
morphology and produced smooth colonies All the intermedins strains tested 
fell into one serological group but the milts strains were heterogeneous 
Atypical strains were very uncommon, nine strains m all , they produced 
colomes of the gravis type but failed to ferment starch and were virulent 
Six of them came from one district of Liverpool and from neighbouring 
streets Our experience has been that if we had relied on colony formation 
as the only criterion the error would have been quite small and the additional 
tests have been sufficient to obviate this The technique lias seemed to us to 
be relatively simple but to require a httle experience Virulence tests were 
done on milts strains from doubtful cases or from earners but not on those 
from frank cases of diphthena or on intermedins or grans strains 

Incidence of the various types 


This is shown in table I 

Tabus I 

Incidence of types of diphtheria bacilli m cases of diphthena 



JUtlu 

Inlerviediut 

Gravis 


Group 







Total 

dumber 

Per cent 

Number 

Per cent 

Number 

Per cent 

1936 A 

pm 

25 9 

228 

33 7 

273 

40 4 

676 

1937 A 

1937 B 

BE 

ill}*" 

SS}~ 

24 °)24 7 

25 7 

4 *61 745 

269/ 743 

33 a 

35 8 / d4 " 

1427 

752 

Total cases 

1071 

37 5 

766 

26 S 

1018 

35 7 

2855 


The figures indicate that all three types are well represented 
in Liverpool and suggest some fluctuation m frequency The 
figures for the individual quarters of the year are given in table II 
It should be appreciated that those for 1936 refer only to a proportion 
of the total cases m the city, whereas for 1937 they are relatively 
complete 

On the whole the incidence of the gravis type has been fairly 
constant, whereas the mitis type tended to supplant the mtermedius 
m the s umm er of 1937. The fluctuations are less marked than those 
quoted by Robinson and Marshall (1935) for Manchester, but it 
may well be valuable to follow these changes in future years m 
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rate but this is significantly less than for the intermedins (D/S E 
= 6 8) and gravis cases (D/S E = 4-0) The rate for the inter- 
medins cases is also significantly higher than that for the gravis 
(D/S E. = 3 0) The feature of the senes is that the intermedins 
cases are at least as severe as the gravis and m some respects even 
more serious Both are more severe than the mitis cases, though 
these are by no means negligible 

Table VI 


Frequency of complications in infections with different types 


Typo 

No of cases 

Cases with complications 

Number 

Per cent 

Mitis 

783 

124 

15 8 

Intermedins 

671 

180 

31 5 

Grams 

749 

180 

24 0 

All types 

2103 

484 

23 0 


Frequency of individual complications 

In estimating this, each complication has been considered 
separately and any case with more than one complication appears 
m more than one category (table VII) 


Table VII 

Frequency of individual complications with different types 


Type 

No of 
Cases 

Complications 

Laryngeal 

Tracheotomy 

Circulator} 

Parch sis 

Hocmorrlmge 

Set ere 
toxemia 

No 

Per 

cent 

No 

Per 

cent 

No 

Per 

cent 

No 

Per 

cent 

No 

Per 

cent 

No 

Per 

cent 

" 

Mitts 

783 

68 

8 7 

41 

5 2 

29 

3 7 

22 

2 8 

2 

03 

2 

03 

Intermcduis 

571 

6 

0 9 

3 

0 S 

83 

14 5 

90 

15 8 

8 

1 4 

1 2 

21 

Gravis 

749 

7 

0 9 

6 

0 8 

82 


92 

12 3 

4 

0 5 

12 

1 6 

All types 

2103 

80 

3 8 

60 

a 

194 

9 2 

204 

9 7 

14 

D 

26 

1 2 


In compiling this table no attempt has been made to separate 
primary from secondary laryngeal involvement, to distinguish 
grades of seventy m the complications or to separate cardiac from 
other circulatory involvement. The severe toxsemias were those 
without any specially localised effect Fatal cases have heen 
included but adenitis and otitis media have not been considered 
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the type to be the same as he has met with in all parts of England 
and Scotland 

The causes of death m infections with the three types as judged 
by the clinicians concerned are given m table IX 


Table IX 

Causes of death in infections with different types 


Tvpc 

Deaths 

Cause of death 

Laryngeal 

obstruction 

Earls toxic 

Late toxic 

Pneumonia 

1st neck 

2-3 weeks 

5 weeks + 

No 

Per 
cent * 

No 

Per 
cent * 

No 

Per 
cent * 

Ko 

Per 
cent ♦ 

Ko 

Per 
cent • 

Mills 

26 

to 

H 

4 

15 4 

9 

34 6 

i 

3 9 

3 

11 5 

Intermedius 

82 

1 

1 

30 

36 6 

38 

46 3 

n 

13 4 

2 

2 4 

Gravis 

67 

3 


25 

37 3 

27 

40 3 

12 

17 9 

D 


All types 

175 

13 

7 4 




42 3 

24 

13 7 

5 

2 9 


* Percentage of total deaths due to a given type which fall Into tills catcgorj 


Of the deaths m mitts cases 9 were due to laryngeal obstruction 
and 5 others occurred in patients who had undergone a 
tracheotomy, though m these the death was considered to be due 
to toxaemia Two intermedins and 4 gravis cases had also undergone 
tracheotomy It is clear that a mitis infection is by no means 
negligible but the mam nsk arises from laryngeal and pneumonic 
involvement In the other two groups toxaemia is responsible for 
more than 95 per cent of the deaths, the proportions being very 
similar m both senes For the intermedins and mitis deaths the 
incidence of toxaemia as the mam cause differs by 42 6 per cent , 
which is 5 5 times its standard error 

Case fatality rate of different types at different age periods 

In table X we summarise our findings on this point 
These findings are compared and analysed m table XI 
We have considered as statistically significant only those 
differences which are equal to at least three times their standard 
error On this basis it is seen that the mitis case fatality rate is 
significantly lower than that for the intermedius cases in the age 
groups 0-4 and 5-9, while the difference is also highly suggestive of 
significance in the group 10-14 The gravis rate is not significantly 
higher than the mitis rate m the 0-4 group but is m the 5-9 group 
it is significantly lower than the intermedins rate m the 0-4 group 
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but not in the others The intermedins rate is significantly higher 
than the mitis in the first two periods and probably also in the third , 
it is significantly higher than the gravis rate only in the age period 
0-4 The fatality rates for the individual types at different age 
periods are compared m table XII 

Table XII 


Compai ison of case fatality rates of each type at different age periods 


Purs 

Type 

MitiS 

Intermedins 

Gravis 

D 

SE 

D/SE 

D 

SE 

D/SE 

D 

SE 

D/SE 

0-4 and 5-9 

+5 5 

1 2 

4 6 

+9 2 

2 3 

4 0 


2 1 

0 5 

0-4 „ 10 14 

+ 5 5 

2 2 

2 5 

+ 10 7 

4 0 

2 7 

+ 5 8 

■' 

2 2 

6 9 „ 10-14 

0 



+ 1 5 

2 9 

0 5 

+4 8 

2 1 

2 3 


The case fatahty rate is significantly higher at 0-4 than at 5-9 
for both the mitis and intermedins types , it is also higher but not 
quite certainly significantly higher in this period than at 10-14. 
The doubt is probably due to the small numbers m the third group 
The differences are quite insignificant for both types m the 5-9 
and 10-14 groups For the gravis cases the difference m the rates 
for the 0-4 and 5-9 age periods is remarkably small and quite 
insignificant In the 10-14 period the rate is lower but the difference 
is not certainly of significance For all cases without distinction 
of type the fatahty rate at 0-4 years is significantly higher than 
at 5-9 or 10-14 (D/S E = 4 4 and 3 8 respectively) but there is no 
significant difference between the rates m the two higher age 
groups (D/S E = 1 4) 

In tables X and XI are also given the proportion of deaths due 
to each of the types which occurred m the given age groups From 
table XI it will be seen that the proportion of mitis deaths m the 
0-4 period is significantly higher than the proportion of gravis 
deaths and almost certainly significantly higher than that of the 
intermedins deaths In the second age period (5-9) the percentage 
of mitis deaths is significantly lower than that of gravis but the 
difference is not quite certainly significant as between mitis and 
intermedins or intermedins and gravis In the 10-14 period none 
of the differences are great enough to be of importance 

On the basis of this analysis it would appear that m a pure 
epidemic of diphtheria due to organisms of the mitts type under the 
conditions prevailing at present m Liverpool the age distribution 
of the cases would be very similar to that in an epidemic due to 





















150 H R SHONE, J R TUCKER, V GLASS, H D WRIGHT 


later in the disease If anything cases in these groups, as Robinson 
and Marshall (1935) found in Manchester, tend to be admitted 
earher Cases may m fact be admitted late because they are mild 
and not necessarily because they have been neglected 

The information relating to the fatal cases is contamed in 
table XIV 

Table XIV 


Day of admission of fatal cases 


Type 

Day of admission 

Total no 

In which 
day of 
admission 
known 

Not 

Known 

1 

2 

8 

4 

S 

6 + 

Mitis 

1 


4 

4 

11 


4 

25 



8 = 

32 per cent 

17 = 

68 per 

cent 


Inlertnedius 

1 

1 

1 12 

29 

18 

13 

8 

81 



42 = 

52 per cent 

39 = 

48 per cent 


Gravis 

0 

1 

8 

20 

26 

7 

6 

67 



29 = 

43 per 

cent 

38 = 

57 per 

cent 


All types 

2 

2 

24 

53 

55 

22 

17 

173 


Of the fatal mitts cases 8 (32 per cent ), of the intermedins 42 
(52 per cent ) and of the grams 29 (43 per cent.) were admitted 
before the end of the 3rd day of disease The differences are not 
certainly significant but so far as they go they indicate that the 
intermedins and gravis cases were not admitted especially late, 
rather the reverse Such delay as there was m admitting these 
fatal cases to hospital was not largely due to waiting for a laboratory 
report, for of the 173 fatal cases only 20 were bactenologica lly 
examined before admission to hospital 

Serum treatment 

Our information as to serum treatment is limit ed to the dosage 
given to 145 fatal cases without reference to the weight of the 
patient or stage of the disease Two patients only, both miiis 
infections who died almost immediately after admission, received 
no serum The details are summarised in table XV 

There is no evidence that the dosage is greater in the mitis 
than in the other cases and this may mean that not only are the 
intermedins and grams cases recognised a httle earher but also that 
they are generally recognised as more severe and given lar ger doses 
of serum It must be remembered however that the mitts deaths 
tend to occur in a younger age group and so would mclude smaller 
children and this might result in smaller doses being given 

All the evidence together seems to us to indicate that the 
differences in seventy which have been observed are really the result 
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previously but not Schick tested Her condition was precisely 
simila r to that of her sister and she died within 12 hours of admission 

Seventy of diphthena m different localities. 

The view originally put forward by the Leeds workers (Anderson 
et al ) that the seventy of diphtheria depended in part upon the 
type of oigamsm present, though at first disputed, has since 
leceived adequate confirmation The precise degree of severity 
of the uifections associated with the different types has seemed to 
vary somewhat from place to place and perhaps from time to tune 
Cooper et al (1935-36) have reported figures from a number of 
sources which bnng out these variations but do not indicate then 
statistical significance We have therefore recalculated and re- 
arranged these figures, omitting the London ones as the method of 
type determination has been somewhat different (Mair, 1936), and 
including all the Leeds figures and not simply the smaller group in 
table V of the paper referred to and have added our own figures 
for Liverpool (table XVI) 

Table XVI 


Case fatality rate of diphtheria for different types in different cities 


1 


Jlitit 

Intermedins 

HDH 

Place 

Date 

Cases 

Dentils 

Case 

fntalltj 

rate 

Ci'es 

Dentils 

Case 

fntalltj 

rite 

Cases 

Dentils 

Case 

fntalltj 

rote 

Cork 

1034 35 

i§M 

0 


3 

0 

■n 

74 

13 

EH 

Berlin 

1034-35 


0 


32 

3 

Sill 

287 

38 

ES23 

Manchester 

1933-34 

Iffirti 

3 

1 1 

449 

57 

■Til 

552 

82 

Kzq 

Hull 

1032 33 

KJvl 

1 

2 7 

141 

7 


929 

37 

16 7 

Dundee 

1933 34 

69 

2 

3 4 

90 


ii i 

9 

0 


Leeds (1) t 

1931 32 

177 

3 

1 7 

54 


3 7 

485 

54 

11 1 


and 1935 










Liverpool 

1936 37 

1071 

20 

2 4 

766 


10 7 

1018 

67 

66 

Leeds (2) } 

1931-35 

*355 

5 

1 4 

286 


4 9 

2115 

133 

63 

Durham and 

1933 34 

88 

5 

5 6 

73 

4 

5 5 

39 

2 

5 1 

Newcastle 











Glasgow 

1932-33 

*123 

9 


346 

17 

4 9 

14 

i 

7 1 

Edinburgh 

1932-35 

112 

4 


208 

12 

5 8 

9 

0 


Stafford 

1932 34 

622 

9 


118 


4 2 

73 

4 


Total 


2780 

64 

2 3 

2512 

211 

8 4 

4412 

377 

8 5 


* Atjpical cases excluded 
t A special group — not included In totals 
t All cases typed, including Leeds (1) 


A comparison of the differences in fatality rates for the different 
areas is given in table XVII 

In tins table it can be seen that many of the differences, even 
though large, are not certainly significant It appears that the 
case fatality rate for gravis infections is significantly larger than 
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Summary 

1 The incidence of the various types of diphtheria bacilli in 
2960 cases of diphtheria in Liverpool is reported 

2 There is some evidence of seasonal variation, a little of a 
tendency for localisation of certain types m certain districts but 
practically none of selective incidence in age groups 

3 The severity and case fatality rate have been greatest with 
the intermedins type and least -with the mitis. 

4. Toxic complications have been most frequent with the 
gravis and intermedins types, laryngeal and pneumonic with the mitis 

5. The case fatahty rate m mitis cases is much higher in children 
under 5 years of age than in older ones , m intermedins cases the 
rates are higher at all age periods and especially so in the older 
children , m gravis cases the rate at 0-4 years is very similar to 
that at 5-9 years 

6 The observed differences between the different types of 
infection do not appear to depend on differences in the time of 
admission to hospital or of serum treatment 

7 The findings of other observers are compared and discussed 

We are indebted to the Medical Officer of Health for Liverpool (Professor 
W M Frazer) and his staff for the opportunity of making these observations 
and to Dr A E Hodgson and the staff of the Fazakerley City Hospitals for 
much clinical assistance We are particularly indebted to Dr F Weightman 
and Dr P Unsworth for invaluable clinical help in the early stages of the 
enquiry and to them and to Drs A B Concanon and F Dodd and other 
resident medical officers for similar assistance later 
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slopes, as Braun (1916) found, belated growth of diphtheria bacilli 
or tardy formation of granules was occasionally noticed In 2 
cases the findings were positive on Loeffier slopes while they 
remained negative on Gundel-Tietz plates even after 48 hours 
The organisms from these slopes yielded typical diphtheria colonies 
on the tellurite plates and gave correct fermentation of sugars. 
As all swabs were first smeared on Loeffier slopes and then on 
plates, the failure of growth on tellunte plates does not prove the 
failure of the method m either case 

The macroscopic diagnosis of diphtheria by direct examination 
of Gundel-Tietz plates gave over twice , as many positive results 
as the microscopic (Loeffier tube) method We consider that the 
most important cause of this discrepancy was the fact that 
72 per cent of our cases were gravis infections and the gravis bacilli, 
especially during the severest phase of the epidemic, deviated very 
much m their morphology from the classical form They were 
very short and most of them had no granules or only one This 
atypical morphology will necessarily lead to a number of mistakes 
where microscopic diagnosis only is used 

Fairly often we found a sucrose-fermenting diphtheroid whose 
morphology is very like that of the diphtheria bacillus (Hettche, 
1935 , Breuner, 1936a) On agar, Loeffier and heated blood agar it 
forms a moist, whitish and abundant growth. On tellunte plates 
the colonies are remarkable for their size and for the fact that in 
the heavily inoculated areas they are black, while single colomes are 
transparent or opaque, greyish white and very shining Genuine 
diphthena cultures on the contrary show a lighter shade where 
the colomes are confluent, while smgle colomes are dark or black 
These strains ferment both glucose and sucrose and so they form 
blue colomes on Clauberg’s indicator medium III (1935) We found 
them in 3 per cent of our cases They were isolated mainly from 
the nose and ears and from wounds As this organism is frequently 
found and can easily be mistaken for G diphtherice, we prefer 
the Gundel-Tietz medium to dauberg III This Corynebactenum 
seems to be identical with the paradiphthena bacillus of Lubinski 
(1920-21) which Hettche (1935-36) rediscovered and called hyper- 
acid pseudodiphtheria The strains are non-pathogemc They 
grow anaerobically but aerobic growth is far better 


Distribution of types 

Our material came from two different groups of patients The 
first and most important group was drawn from cases in the 
8th Soviet Children’s Hospital for Infectious Diseases in Khark off 
The swabs of this group were taken at the same time from throat 
and nose, but examined separately The second group came from 
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Pesch believes in the possibihty of a change of type, while Hettclie (1935), 
Preuner (1936b) and Weigmann and Koehn (1936) consider the change of 
one type into another and also into diphtheroids as possible 

In this connection 33 cases were investigated several times 
•weekly during the whole period of stay in hospital this varied 
between a fortnight and three months With the exception of one 
case, which at the first examination yielded atypical and later 
gravis bacilli, the original type persisted throughout the whole 
course of the illness In 7 cases, as mentioned before, in addition 
to the original type a small number of colonies of another type 
were found which may have come from a secondary infection 

These results cannot be regarded as a proof that the types 
are constant Better evidence for that conclusion is provided by the 
observation that in multiple cases occurring m one family the type 
was always uniform We had 7 instances of such family infections, 
5 with two patients each and 2 with three patients In four 
famihes we found only mitis strains and m three only gravis. 

Laboratory investigations prove more definitely the constancy 
of types. Three gravis, 3 mitis and 2 intermedins strains were sub- 
cultured 50 times on tellurite medium every 3 days They were 
also kept on broth for 6 months, being subcultured once every 
two months All three types remained unchanged except that 
two of the gravis strains grew m broth with uniform turbidity 
and no pellicle Growth in broth does not seem to us to be as 
satisfactory a differential test as sugar fermentation We also 
passed one gravis and one mitis strain 30 times through guinea-pigs 
without finding any changes m their fermentative activities or their 
pathogenicity 

Relation of type of infection to clinical seventy 

In their first publications Anderson et al found a close relationship 
between the type of organism and the seventy and character of the disease 
This was questioned by Fansh, Whatley and O’Bnen (1932), Wright and 
Rankin (1932), Menton, Cooper, Duke and Fussell (1933) and Mair (1936) 
but later it was generally accepted In Germany the reverse has happened 
The first publications agreed with the Leeds findings (Chnstison, 1934-35 , 
Scluff and Werber, 1935 , Hettche, 1935 , Gundel and Liebetrutli, 1935-36 , 
Clauberg, Helmreich and Vierthaler, 1936) and only recently has there 
been an increase in publications which state that no such relation exists 
(Mittag and Otto, 1936 , Hilgers and Thoenes, 1936 , von Bormann, 1937 , 
Becker, 1937) The first investigations in Soviet Russia (Shapiro and 
Rukevitch, 1937 , Zdrodowski and Halapine, 1936) did not demonstrate 
any relationship between type and illness However, during the time in 
which they collected materials for their work the Health Offices m Moscow 
reported only endemic cases of diphtheria The relationship between type 
and cluneal seventy is not usually so pronounced in endemic cases 

We were able to make use of the histones of all cases from the 
Diphtheria Department of the 8th Soviet Children’s Hospital 
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years 1934-35, with alum-precipitated anatoxin prepared m the 
Toxin Department of the Ukrauuan Metchndcoff Institute "When 
the epidemic brolce out, an attempt was made m several Children's 
Homes to assess the effectiveness of the previous immunisation 
This investigation levealed that 40 per cent, of the “ immunised ” 
child ren were Schick-positive Therefore it cannot be demed that 
either the method of one-shot immunisation or the particulai 
preparation of anatoxin used was inadequate m many cases 

Despite this state of affairs it seemed of some interest to 
determine how many of those who fell ill had been nmnumsed, 
how the illness evolved m such individuals and what pioportion of 
the fatal cases were included in those who had been immunised 
The 254 hospital cases could be divided into three groups from the 
pomt of view of immunisation (a) those actively immunised (83), 
(b) those from whom no clear account of immunisation could be 
obtained (68) and (c) those definitely not immunised (103) The 
distribution of the types within these three groups did not present 
any interesting features except that the grains type occurred m 
the unmumsed group with 12 per cent greater frequency than 
m the non-immunised group In respect of the number of severe, 
moderate and shght cases, all three groups were roughly similar. 
The deaths m group (a) numbered 4 (4 8 per cent.), m group ( b ) 10 
(14 7 per cent ) and in group (c) 11 (10 7 per cent ). No conclusion 
can be drawn from these observations as the differences are not 
statistically significant 

Observations m dispensaiy cases 

The grams and mitis infections amongst the dispensary cases 
were not in the same proportion as m the hospital group This 
ivas apparently due to the method of sending material for culture 
and to the type of cases available Among 228 cases the mitis 
type occurred 125 times, the gravis 102 In one case the organism 
defied classification and ivas considered an atypical stram No 
case of intermedins infection ivas observed It was remarkable 
that m this group the differentiation of types by the appeaiance 
of groAvth m primary culture was often difficult and occasionally 
impossible, and groAvth in broth Avas often irregular 

Virulence and powers op invasion of the types 

OF DIPHTHERIA TtAmT.T.T 

The bacteriological and clinical findings durmg the Khaikoff 
epidemic showed a correspondence betAveen clinical severity and 
bacterial type which accorded with the expenence of the Leeds 
ATOrkers In view of these facts we proceeded to determine whether 
the greater pathogenicity of the grams strains could be conoborated 
by animal experiment 
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guinea-pigs injected until gravis strains was 29 4 hours, while for 
those injected with virulent mitts strains it was 54 2 hours Thus 
in animal experiments the Kharkoff gravis strains were more 
virulent than the mitts 

Generalisation of infection m guinea-pigs. 

Gundel and Erzin (1935) and Gins (1935-36) suggest that with a bettor 
technique it would be possible to obtain growth of diphtheria bacilli from 
the internal organs of infected guinea-pigs As a result of their experiments 
Gundel and Erzin attributed a greater power of invasion to the gravis tj’po 
Clauberg (1936) objected that the subcutaneous method of injection afforded 
opportunity to the diphtheria bacilli to find their way into the circulating 
blood on account of the damage inflicted on the smallest blood vessels Eor 
this reason he thought such observations were not convincing and also he 
noted that bacteria were not found in tho organs after infection of the 
vaginal mucous membrane of guinea-pigs In a later publication (Clauberg 
and Plenge, 1937) he came to the conclusion, as a result of the cxammation 
of organs in 23 autopsies, that a diphthona bacilleemia may occur, while 
Kroemer (1936-37) found diphtheria bacilli m the organs of 10 cases post 
mortem, but as a result of his histological examinations he considers that this 
is of no importance in determining the course of the illness Isabolmski and 
Karpatscliewskaja (1932), Cluan (1935) and Ciantmi (1936) also arrive at tho 
conclusion that m diphtheria bacillremia is not as rare as was formerly 
believed 

,As a contribution to this question, we made inoculations on 
tellunte plates, as soon as possible after death, from the organs 
of guinea-pigs used in the virulence experiments Investigations 
were made of the pleural fluid, lungs, heart blood, heart muscle, 
peritoneal fluid, liver, spleen, kidneys, snprarenals and tonsils and 
of the inflammatory zone at the site of infection. The tellurite 
plates were inoculated according to the technique described in the 
first part of this paper for the examination of human tissues post 
mortem Amongst the 45 animals which died of gravis infection 
there were 18 (40 per cent ) m which bacilli identical with those 
injected were recovered from the viscera and the serous exudate 
and 44 m which they were recovered from the tissues at the site 
of injection None were ever recovered from the heart blood 
Most frequently the bacilli were found in the liver, spleen and 
peritoneal fluid, most rarely in the kidneys and the tonsils In 
one case only gravis organisms were recovered from the tonsils 
and m this case only 2 colonies appeared Quite often, however, 
we found m the tonsils glucose-fermenting diphtheroids without 
pathogenic significance They could only be differentiated from 
genuine diphtheria bacilli by saccharose fermentation, growth m 
deep glucose agar and lack of virulence The same organisms 
were isolated from the tonsils of 20 control guinea-pigs which 
had died of anaphylactic shock Thus no support was given to the 
assumption made by Gundel and Erzm (1935) that diphtheria bacilh 
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Experiment 1 . In a preliminary investigation 20 guinea-pigs 
of 250 g each received a single dose of 5 c c. of anatoxin from the 
strain Park-Wilkams 8 One month later these animals together 
with one non-immunised control each received 30 M L D of gravis 
toxin The control died in 48 hours and showed typical post- 
mortem changes Four of the immunised animals showed slight 
infiltration at the site of injection, but survived The remainder 
were unaffected 

Experiment 2 A group of 14 guinea-pigs of 250 g received a 
single injection of 1 c c of anatoxin of strain P W 8, precipitated 
with potassium alum Schick tests 30 days later gave negative 
results Thirty-three days after immunisation, 5 animals were 
injected with gravis toxin, one receiving 30, a second 40 and three 
others 60, 80 and 100 MLD respectively Simultaneously five 
animals were given subcutaneously 1000, 2000, 4000, 6000 and 
9000 million organisms of a living 24-hour culture of gravis strain 
117 The large doses of toxin had no effect, but those animals 
which received 2000-6000 million bacilli showed infiltration at 
the site of injection and the animal receiving 9000 million died 
after 12 days The post-mortem exammation showed normal 
suprarenals and pleural effusion The control animal, which 
received 10 MLD. of toxin, died with typical post-mortem 
appearances, as did the control which received 200 million organisms 
of living culture and died 22 hours after injection Two days 
later 3 of the remaining immunised guinea-pigs were given 500, 
700 and 1000 MLD respectively of gravis toxm, while the fourth 
received 20,000 million organisms of a 24-hour culture of graus 
strain 117 The controls died and showed characteristic post- 
mortem findings The animals which had received toxm reacted 
with a massive and cedematous infiltration at the site of mj'ection 
but survived The animal injected with living culture also had 
a marked infiltration and died 11 days later Post-mortem findings 
were atypical Diphtheria bacilli were not grown from the organs 
Experiment 3 A group of 18 guinea-pigs of 250 g was split 
into two subgroups of 9, of which one received one injection of 
1 c c of alum-precipitated anatoxin from the strain P W 8 and the 
other three injections of 1 c c of unprecipitated P W 8 anatoxin at 
intervals of 8 days Thirty -four days after the last injection, as a 
negative Schick test had developed, 3 a nimals in each subgroup 
received 300 MLD of gravis toxm Three others m each sub- 
group received 3000 million bactena of a 24-hour grams culture 
and the remaining 3 the same amount of a 24-hour mitts culture 
The animals in both subgroups behaved m the same way to infection 
and intoxication In other words, the two methods of immunisation 
had proved of equal value In both subgroups, however, the same 
observation was made, that animals receivmg gravis toxm or 
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gravis type in guinea-pigs Antitoxic gravis serum and PW 8 
serum give similar protection against infection and intoxication, 
provided they are a dmini stered m time It is difficult to judge 
whether the results of these investigations can be applied to the 
conditions governing diphtheria infections in children The experi- 
ments show, however, that in work on guinea-pigs the preparations 
in common use to-day for obtaining active and passive immunity 
against diphtheria are of value in controlling both infections uith 
gravis strains and gravis intoxications 

Summary 

1 The Gundel-Tietz medium was used for macroscopic diphtheria 
diagnosis with good results 

2 Investigations during an epidemic in Kharkoff, predominantly 
gravis m type, yielded more than twice as many positive results 
by the macroscopic method as were obtamed by the older Loeffier 
method This was presumably due to the frequent defect of 
granule formation m gravis cultures 

3 In clinical cases the gravis type caused 72 per cent of the 
infections, the mitis 26 per cent , the intermedins 0 8 per cent 
and atypical strains 1 2 per cent 

4 Gravis strams are more frequently present m both nose and 
throat than mitis 

5 The three types proved stable under widely varied conditions 
of subculture 

6. The grams type was responsible for the vast majority of the 
clinically severe cases and was recovered during life from 96 per cent 
of all fatal cases 

7 The presence of the gravis type of diphtheria bacillus was 
recognised post mortem m the organs of three cases investigated 

8 Of the mitis strams isolated and tested in animals 
38 6 per cent were avirulent , all gravis strams were virulent 

9 Virulent giavis strams caused more rapid death of the 
guinea-pigs than did virulent mitis strams 

10 Invasion of the mternal organs took place m 40 per cent 
of gumea-pigs inoculated with gravis strams and only m 12 5 per cent 
of those inoculated with mitis 

11 We were unsuccessful m making any observations which 
justified the conclusion that in the guinea-pig diphtheria bacilli are 
excreted by the tonsils 

12 Precipitated and unprecipitated anatoxin immuni ses gumea- 
pigs against the toxm of giavis strams and against infection with 
gravis cultures 

13 Large doses of living gravis cultures can overcome the 
active antitoxic immunity which has been developed m gumea-pigs 
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+ agglutination just visible to the naked eye and ± agglutination detectable 
only 'with a lens A saline control was included for each suspension 

Results 

There was considerable individual variation m the response 
of the rabbits to immunisation but there was no great difference 
in the specificity of the sera of the rabbits immunised with 3-hour 
or 18-hour cultures The most satisfactory were those produced 
in animals inoculated with 18-hour cultures These could be 
absorbed with heterologous strams leaving type-specific agglutmm 
intact On the other hand absorption with heterologous strains of 
the sera prepared by immunisation with young cultures frequently 
resulted m the loss of homologous and heterologous agglutmm to 
an equal degree 

Suspensions of overnight cultures killed by boiling gave satis- 
factory results m the agglutination test but shghtly more specific 
results were obtained with killed suspensions of young cultures and 
these were used m most of the experiments 

Sera prepared against three strams, S 11, S. 80 and S 33, 
which had been found to show certain differences in precipitation 
tests (Cowan, 1938), were used in the early experiments About 
two-thirds of the strams of S pyogenes examined reacted m one of 
three ways Some agglutinated with S 11 antisera only (type I), 
others with S 80 antisera only (type II), while the remainder 
reacted with both S 11 and S 33 antisera (type III) Reciprocal 
absorptions were made and the results with the type strams are 
shown in table I 


Table I Slide agglutination reactions of type strains 
and atypical strains of S pyogenes 



Absorbed with 

Degree of agglutination with 

Serum 

(type) 



type strains 



atypical strains 




type 










S 11 

s SO 

s 33 

S 330 

S 285 

S 306 

s SOS 

I 

S 11 

I 

+ + + + 

- 

+ + + + 


+ + + 

H — 1 — h 

++++ 


S 80 

II 

+ + + + 

— 



+ 



— 


S 33 

III 

+ + + + 

— 




— 

— 

II 



— 

+ + + + 



+ + + 

++ 

+++ 


S 11 

S 80 

I 

II 

I 

+++ + 



+ + + 

db 



S 33 

III 

— 

+ + + + 



+ + 

+ 

+ + + 

III 



— 

— 

+ + + + 

+ + + + 

+ + + 

++++ 

++++ 


S 11 

I 

— 

— 

+ 4- + + 

— 

— 

+++ 

4-4- 


S 80 

n 


— 

+ + + + 

+ + + 

— 

++ 

++ + + 


S 33 

in 




— 

— 




± to + + + + = increasing degrees of agglutination , — = no reaction 
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In a previous paper it was shown that by the precipitation 
reaction the majority of pathogenic strains fell into one group (A) 
while a few were placed m an ill-defined group (C) In the series 
reported here the recently isolated strams were not examined by 
the precipitation method but the stock strains of group C fell into 


Table II. 

Distribution of 105 strams of staphylococci among the serological 
types of S pj'ogenes 



Serological type 

I 

11 

m 

Atjpieal 

Unclassified 

8 pyogenes 

28 

16 

15 

26 

1 

S eptdermidis 

0 

0 

0 

0 

15 

Scurf staphylococci 

0 

0 

0 

0 

4 


type II, except one which belonged to type I Since type II also 
contained group A strains it seems clear that the antigens responsible 
for the reactions m the two tests are not identical The precipitation 
reaction suffers from the defect that unless the optimal proportions 
method is used the presence of multiple antigens m the crude 
bactenal extracts renders the results difficult to interpret 

• Discussion 

Using agglutinin absorption methods Hme (1922) and Blair 
and Hallman (1936) divided pathogenic staphylococci into 3 types 
while Yonemura (1936) classified 324 strams into 9 serological types 
It is likely that two of the types of the last worker were composed 
of saprophytic strams since they failed to produce hsemolysm , of 
his 311 hsemolysm-producmg strains all except 9 fell into three 
types, in one of which a sub-type of 5 strams was recognised 

By slide agglutination it is easier to differentiate pathogenic 
from saprophytic staphylococci than by the usual method m 
agglutination tubes About two-thirds of the pyogenes strams can 
be divided into three types while the remainder present difficulty 
on account of their atypical reactions with absorbed sera The 
cross reactions may well be due to a sharing of antigens m varying 
proportions among the different types so that only quantitative 
absoiptions would enable a true differentiation to be made An 
analogous antigenic structure occurs m the Brucella group (Wilson 
and Miles, 1932), Neisseria meningitidis (Fildes and Baker, 1918), 
Bad fiexnen (Andrewes and Inman, 1919) and the Salmonellas 

Serological classification has a direct apphcation in the study 
■of epidemics of staphylococcal infections in hospital wards and in 
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air passages This argument no longer holds and other proofs will 
have to be sought if one is to attribute a pathogenic role to the 
HcemopJnlus of the respiratory type The great importance of this 
question for the pathology of the lespnatory tract becomes clear 
from the mere fact that stiams of the respiratory type can be 
demonstrated, often m puie culture, m the great majority of sputa 
from patients with acute or chiomc purulent bronchitis, acute 
capillaiy bronchitis and bronchopneumonia independent of 
epidemics of influenza From tins one may conclude that this 
bacterial group is possibly the causative agent of common catarrhal 
purulent conditions of the bionchial mucous membrane (Muldei, 
1938) 

Much experimental and clinical bacteriological work, however, 
will be required to prove this working hypothesis and any con- 
tribution which shows the probability of the pathogenic role of 
the lespiratory type m a given pathological condition vail therefore 
be valuable 

As the cultures of strains of the respiratory type are very 
similar to those of the R forms dissociated m vitro from type-specific 
S strains, some bacteriologists (Fothergill and Chandler, 1936) 
consider all sputum strains as R variants and do not attribute 
pathogenic properties to them Against this view, which is quite 
unproved, we think the following facts can be advanced (1) 
Hemophilus of the respiratory type is found far more frequently 
m purulent sputum than are type-specific strains, and it would be 
unique m bacteriology for R variants to be found exclusively at 
the site of disease m so great a proportion of cases (2) The patients 
m whose sputum we found type-specific strains did not present an 
exceptionally severe bronchitic or bronchopneumomc process (3) 
As the most frequent and probably also the most parasitic sub-typ e 
of the type-specific strains is sub-type b, we should expect that m 
a large series of strains of the respiratory type, there would, if 
these were R variants, he many which would have the serological 
reactions of the R variants of sub-type b Iu our experience this 
is not the case, as is shown by the following investigations 

Capsular {type-specific) and somatic antigenic structure 
of S and R strains 

An antiserum prepared m a rabbit against a type-specific S strain 
agglutinates the homologous S strain into coarse floccules on a 
slide at room temperature The dilution of serum up to which 
this slide agglutination is still possible vanes, but with potent 
sera it may be as high as 1 20 Up to the present we have found 
this reaction to be type-specific In view, however, of experience 
with slide agglutination tests with vanous types of pneumococci 
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agglutmable only with difficulty, their titres remaining lower than 
those of the homologous E strains Spontaneous agglutination of 
the controls, in our experience, is rare even with E forms As 
diluting fluid we use 0 2 per cent saline 

In the lower dilutions of E serum the floccules are always small, 
whereas in the lower dilutions of S sera the type-specific discs are 
formed as described above with S strains of the same type 

We had certain difficulties in these agglutination tests The 
final dilution obtained -with a given serum and the homologous 
strain is not always the same on repeating the test (e g tables V 
and VI) Some strams give only a fine granular agglutination 
which is difficult to read We do not know whether this should 
be understood as a pseudo-agglutination It is a rare occurrence 
On one occasion a freshly isolated E strain of sub-type b produced 
a fine granular agglutination, and months later it failed to do 
so any more. An old E strain of this sub-type likewise did not 
agglutinate (table VI) 

Gross agglutination reactions of the S and I? forms 
of various strains of sub-type b 

Table II gives the results of cross agglutination tests earned 
out with S and E sera and various S and E strains of sub-type b 
They show that the somatic antigenic structure of the various 
strams is almost identical, that the E forms are agglutinated by 
the S sera to titre, and that the S strams are strongly agglutinated 
by the E sera Strams b a S and b 6 S were less readily agglutinated 


Table II 

Cross agglutination of the S and R forms of various strains of 
Haemophilus sub-type b by S and R sera 


Antiserum 

Agglutination titre with various strains 

b,S 

b,K 


t>,n 

19 


b,K 

m 

b,K 

bjS 

1600 

1600 

800 

800 






b,R (I) 

1600 

1600 

800 

800 






b.S 



800 

800 






b„R 

12800 


400 

3200 






b s S 

640 




1280 





b«R 

1600 

HI 




6400 

12800 

320 

3200 


S = smooth strain or corresponding antiserum 
R=s rough strain or corresponding antiserum 


This and all other tests irere done at 56° C 

We have repeated these experiments with sera b 3 S and b x E 
an d 5 E strams Four of these were isolated from cerebrospinal 
fluids by Professor Kapsenberg and subcultured by him for years 
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Table IV 

Gross agglutination reactions of the S and R forms of type-specific 
strains of Hscmophilus 



Agglutination tltre with \orlous strain? 


aS 

b s S 

b,R 

clt 

cb 

cR 

rs 

fR 

gS 

gK 


1280 

ICO 

0 

0 


1280 

0 

0 

640 

640 

■bi 

40 

1280 

1280 

0 


0 

10 

320 

80 

10 

bxR (II) 

20 

320 

1280 

640 


0 

320 

160 

80 

320 

cR 

0 

0 

0 

2300 


0 

0 

0 

0 

80 

eS 

80 

0 

0 

10 

1600 

3200 

0 

0 

320 

ICO 

eR 

0 

0 

0 

160 

6400 

5120 

0 

0 

640 

640 

fS 

0 

0 

0 

0 


■ 

2560 

2560 

0 

0 

fR 

0 

0 

0 

0 


H 

1600 

2560 

0 

10 

gS 

160 

640 

640 

160 



640 

160 

640 

320 

g R 

0 

6 

320 

160 


■ 

0 

0 

320 

640 


The diagnosis of R variants of type-specific strains of 
Haemophilus influenzae 

From the above observations we conclude that the diagnosis 
of the “ R form of a type-specific Haemophilus strain ” is only 
justified when an antiserum prepared agamst the strain agglutinates 
strongly at 56° C both the R and S forms of the type-specific 
strain and the strain m question is strongly agglutinated by the 
anti-S and anti-R sera of the same type-specific stram 

Elsewhere (Mulder, 1937) we gave instances of conditions in 
which it may he desirable to ascertain whether a Hcemophilus 
strain of the respiratory type is the R form of a certain type-specific 
stram A further interesting example is the following 

In the sputum of a patient with pneumonia, caused by pneumococcus 
type I, a type-specific Hcemophilus stram of sub-type e was found, the 
identification was kindly confirmed by Miss Pittman A few days latei we 
failed to find this type again but from the sputum was grown a non-type- 
specific stram of the respiratory type The question now arose whether 
this respiratory type could be the R form of sub-type e In the first place 
it was found that the respiratory type formed indole, whereas eS and eB 
did not, but this biochemical difference, m our opinion, would not be decisive 
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foecamo more and more frequonfc, and ho died on the sixth day after 
admission 

A second bacteriological examination of tho C S F cultured on ascitic 
fluid agar produced numerous small colomos of small Gram -negative cocco- 
bactona, which, whonrocoivod by us from tho Homological Department, did 
not grow on subculturing. Autopsy (Dr P. Stibbo) revealed acute purulent 
cerobrospmal loptomonmgitis In the lungs no inflammation was found 
Tho nasal smuses and middle ears contained no pus Tho meninges on the 
convexity wore translucent and seemed somowhat tluckonod In tho loft 
Sylvian fossa there was a round yollow patch about 1 cm across, consisting 
of pus At tho baso a flake of yollow pus was found on tho chiasma, and in 
connection with this, also to tho loft and right on tho tompornl polos Tho 
liquor was slightly tuibid. In tho lumbar portion of tho spinal cord there 
wero a fow patches of yollow pus 

From the pus at the base of the brain we obtained a culture of 
a haunoglobmophihc bacterium contaminated with Bad coh 
Gram-positive cocci were absent 

The colonies of the initial culture did not show iridescence by 
reflected sunlight or artificial light Indole was not formed. 
Growth occurred only in the presence of X and V factors The 
pathogenicity for rabbits by intravenous inoculation was not 
examined Culture washings did not show piecipitation with the 
type-specific serum against sub-type b nor was there type-specific 
slide agglutination at room tempeiature. 

The question arose as to whether the organism was an R variant 
of sub-type b which had developed smee isolation Theoretically 
it is quite conceivable that tins should happen, as m some S strains 
of sub-type b we have seen the S-R dissociation occurring after 
two subcultures This supposition was less probable, because the 
strain Lorenzo did not form indole, while we know that the great 
majority of strains of sub-type b do so One strain, however, 
which we have examined did not form indole, and Miss Pittman “ 
also informed us that she had found an occasional strain which 
did not 

Evidence that the organism was not such a variant was provided 
by cross agglutination tests with antiserum against the strain 
Lorenzo and with the anti-S and anti-R sera of strains of sub-tjqic b . 
(table VI) 

The results mdicated have been obtained repeatedly, and are 
sufficiently distinct to justify the conclusion that the strain Lorenzo 
is no R variant derived from a strain of sub-type b 

Absorption tests showed that the serum b x R, exhausted by 
its own strain, retained its activity against the strain Lorenzo, 
and conversely that, when exhausted by the strain Lorenzo, it 
retained its power to agglutinate its own strain This is further 
evidence that the strains b x and Lorenzo must be considered as 
quite distinct 

We have further tested the 5 strains R x , R 4 , R 6 , R 7 and 
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strain Lorenzo is probably not an R variant of any of the sab-types 
a, c, e, f or g. We cannot say this with the same certainty as we 
can with regard to the sub-type b, as we aie not sure whether 
the somatic antigenic structure of the other sub-types shows the 
same homogeneity as seems to be the case with sub-type b But 
we know that, of the remammg sub-types, only e has been isolated, 
and that once as a definite pathogenic organism — by Platt in a case 
of purulent meningitis. There is therefore almost conclusive 
evidence that the strain Lorenzo is of respiratory type 

Table VIII 


Agglutination of the strain Lorenso with the antisera 
of the type-specific strains a-g 


Strain 



Agglutination tltrc of different antisera 



aS 

V 



cS 

clt 

I fS 

fit 

es 


Lorenzo j 

20 

80 

320 

10 

■ 

40 

■ 

320 

■ 

40 


We would remark that it is necessary that other differences 
between R variants and Haemophilus strains of the respiratory 
type should be sought It may be possible that a further distinction 
will be furnished by a study of animal pathogenicity 

Summary 

1 A case of purulent meningitis is described from the cerebro- 
spinal fluid of which an indole-negative hsemoglobinophilic organism 
of the respiratory type was grown in the first culture 

2 Evidence is adduced to show that this strain cannot be 
considered as a rough variant of a strain of Pittman’s sub-type b 

3 The diagnosis of rough variant may only be made when 
the strain is strongly agglutinated at 56° C by an anti-S and anti-R 
serum of a type b strain, and the antiserum to the strain in question 
also agglutinates strongly the S and R forms of sub-type b 

4 This observation makes it quite probable that in rare cases 
the Haemophilus organisms of the respiratory type can cause 
purulent meningitis This again is of some importance for the 
consideration of the pathogenic significance of this group in the 
respiratory passages, where it causes, in the author’s view, common 
purulent bronchitis 
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found in the perivascular connective tissue and about capillaries in 
the parenchyma at all ages 

Adipose tissue cells in varying numbers were present in the 
interstitial tissue at all ages and in almost all cases They were 
scanty in paraffin preparations in 2 of 10 subjects aged up to 1 day, 
in 1 of 11 subjects between 1 day and 3 months, in 5 of 9 subjects 
between 3 months and 1 year, in about half between 1 and 5 yeais, 
in. all but 2 between 5 and 10 years and in all but 1 between 10 
and 20 years In a few of these young subjects the fat cells were 
relatively numerous but according to the estimations of parenchyma 
made for the statistical paper (Gilmour and Martin) in none vas 
the volume of parenchyma reduced below 69 per cent whereas 
m adults a much greater reduction resulted from adiposity. In 
osnuc acid preparations or in frozen sections stained with Scharlach 
R fat cells were seen in all subjects of 4 months and over, but m 
none of younger age (table, p 203) In general the interstitial fat 
mcreases from infancy onwards and severe degrees of adiposity 
are not seen before the age of 30 Of 69 subjects in whom the 
estimated parenchyma occupied 60 per cent or less of the gland 
and the interstitial tissue was predominantly fatty, 29 were recorded 
as being fat, stout or obese, 27 as moderately or well nourished and 
13 as wasted, but m the latter the fat did not reach the higher 
amounts. It was shown m the statistical work (Gilmour and 
Martin, table X) that at least in age groups 11 to 20 and over the 
fat in the interstitial tissue is greater m females than, in males 
Adiposity begins m the perivascular connective tissue but fat cells 
smgly or m groups may also lie m the parenchyma, arising from 
small spindle cells upon the reticulum around the capillaries 
Adiposity is evenly distributed or is greater m parts, especially 
at the ends of the glands It is important to recognise the con- 
tinuity of the capsule over extremely adipose ends of glands since 
small islands of parenchyma left in it may otherwise be regarded 
as accessory tissue Rarely, great adiposity causes pressure atrophy 
of parts of the parenchyma, the parenchymatous trabeculie being 
few and composed of poorly differentiated cells , such parts 
resemble closely very adipose involuted thymic tissue Wasting 
of the fat is occasionally seen The adipose tissue cells then 
sometimes remain large and have an abundant vacuolated eosinophil 
cytoplasm, as m the so-called “ fat glands ” of wasted children . 
foci of such cells in adults may suggest oxyphil cell groups Usually, 
however, the cells as they lose their fat dimmish m size to end as 
spindle cells Wasting of fat is frequently seen in inflammations 
of the parathyroids 

In places where the perivascular connective tissue is dense and 
hyaline it usually includes spindle cells of varying size, often 
reaching 60x6ja and containing much finely particulate yellow- 
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In 23 of 428 subjects (5 per cent ) paraganglion tissue was found 
on the surface, in the hilnm or deeper in one or two of the glands 
(fig 2) The tissue was arranged m small rounded masses in which 
stellate basophil cells lay in a whorl of spindle cells and capillaries 
In morphology and arrangement the cells were identical with 
those of the carotid body The number of such paragangha in any 
gland was variable In 2 subjects the position of the glands 
containing them was not recorded , otherwise they were in upper 
glands only, occupying both m 3 subjects Mention was made in 
the embryological paper (Gilmour) of paraganglion tissue in the 
hilum of an upper gland of an infant two days old and m the hilum 
of the thyroid gland of a foetus of 120 mm 

Fischer (1911) described the elastic m the capsule and stroma , Petersen 
(1903) saw it abundantly in the capsule but could not see it in the veins, 
von Vereb&y (1907) described it as limited to the large artenes 

Yanase (1908) described valves in the veins especially in the hilum and 
gave an illustration Opperiheimer (1911) also described them but in liis 
illustrations they look like artefacts rather than true valves I could recognise 
many valve-hke artefacts due to tearing of the endothelium or bianchmg and 
bending of veins 

Sandstrom (1879-80) could not find lymphatics but Petersen (1903) and 
Oppenlieimer (1911) described them m the perivascular tissue 

The blood supply has been described by various authors Sandstrom 
stated that the inferior thyroid artery supphed the glands and Welsh 
(1897-98) confirmed this, stating that if the glands are aberrant they receive 
supply from the nearest vessels Halsted and Evans (1907) showed that the 
glands are supphed by a small single special artery arising from the muscular, 
glandular or cesophagoal branches of the inferior thyroid artery The upper 
gland might receive the vessel from an anastomosing ramus connecting 
the inferior and superior thyroid artenes Curtis (1930) showed that all the 
parathyroids can be injected from the aorta after ligature of the inferior and 
superior thyroid arteries, thus demonstrating a good collateral circulation 
and he said that these four vessels can be hgated in operations without 
damage to the glands 

Andersson (1894) described in two animals a penvascular plexus of nerves 
from which fibres ended in a point or with a swollen end among the epithehal 
cells According to Braeucker (1922-23) fine nerve fibres from the vagus 
and sympathetic run into the glands with or apart from vessels Petersen 
could not find medullated fibres Rhmehart (1912) stated that the nerves 
are all non-medullated, that they enter as a plexus round the vessels and are 
derived from the same source as the thyroid nerves Herrman (1936) saw 
macroscopically a small branch of the recurrent laryngeal nerve enter each 
gland de Winiwarter (1930) described nerve endings hke Pacinian cor- 
puscles in the parathyroids of guinea-pigs 

Mast cells were described m the parathyroids by Erdheim (1903) and by 
most subsequent authors 

Sandstrom described fat m the interstitial tissue and Benjamins (1902) 
saw it already in the fcetus Erdheim (1903), however, did not see it till 
the 5th year while Gossmann (1927) recognised it first at 6 weeks Gossmann 
(1927) and Fischer (1911) saw very adipose glands in cachectic patients 
Erdheim (19046) described the presence of iron pigment m the peri- 
vascular connective tissue of infants He also (1907) first described yellow- 
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nucleus to involve almost the whole cell , a very little granular 
protoplasm may remain under the cell membrane The cell 
membrane is invisible or inconspicuous m the preceding types 
but prominent in water-clear cells The cells vary in diameter 
from 7 to 15 y, average about 10 y The dropsical appearance 
of transitional and water-clear cells m tissue fixed m watery fixatives 
is due to the removal in solution of paraplasimc gtycogen 

Types of principal cells at different ages In the embryo and m 
early foetal hfe all the prmcipal cells are watei -clear Some transi- 
tional cells were seen m the oldest foetus (190 mm ) examined 
(Gilmour) At and after buth water-clear cells are always present 
but rarely predominate They may be found m ill-defined areas or 
m well defined nodules, even m glands that otherwise contam few 
such cells At birth and up to 1 year transitional cells predominate 
as a rule, but water-clear cells are numerous and predominate more 
often than in later years Thus m the series of 357 subjects in 
whom there was no renal disease nor gross anatomical or histological 
variations from the normal in the parathyroid glands, 29 were undei 
1 year, and in 5 or 17 per cent water-clear cells predominated In 
the age group 1-19 the relative number of dark and early transitional 
forms mcreased, and in none of the 47 subjects did water-clear cells 
predominate In only 5 or 1 8 per cent of 281 subjects of from 
20 to 80 years of age did these cells predominate Of the 10 
subjects in whom they predominated after birth the youngest was 
aged 12 hours and the oldest 67 years , most were well nourished 
but 3 were wasted The predommance was sometimes present m 
only one or two of the four glands, and the remaining glands 
occasionally contained dark principal cells alone 

Rosarot principal cells Hsematoxylin has little affinity for the 
cytoplasm of prmcipal cells compared with pyronin, methyl blue 
and methylene blue In most normal glands, however, the cyto- 
plasm can be stained with hsematoxylin and eosm a blue-purple 
or even a grey-blue in clear contrast to the pure pink and red of 
pale and dark oxyphil cells, provided the method given in the section 
on staining (p 195) is followed In some glands, on the other hand, 
the cytoplasm of a variable number of principal cells, usually in 
groups, has a greater affinity for eosm, sometimes so great that the 
cytoplasm remains a distinct pink when the eosm has been washed 
completely out of the granules of some of the pale oxyphil cells 
The pink m such eosinophil prmcipal cells is, however, tinged 
slightly with blue when examined m daylight and is consequently 
not so pure, or as artists say “ warm,” as m oxyphil cells To 
indicate prmcipal cells with exceptional eosmoplnha the term 
“ rosarot,” used erroneously by Getzowa (1907) for dark prmcipal 
cells, may be adopted The pmk colouration is naturally more 
conspicuous m cells with denser cytoplasm The nuclei of rosarot 
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brightly, in others smaller, more sparse and less deeply stained 
The latter are probably early or transition forms Very rarely the 
cytoplasm is beset •with minute vesicles ■which can only be seen 
with a yg- m objective, and granules cannot then be recognised 
between the vesicles Larger vacuoles are frequently seen m 
paraffin sections, and these are occupied by lipoid in frozen sections 
(p 202) In two cases partial dropsy of some of the cells was 
found resembhng that in transitional principal cells In one of 
these, water-clear cells predominated and it looked as if the dropsy 
had extended to some of the oxyphil cells The cell membrane is 
well defined in pale oxyphil cells but is not so thick and prominent 
as in water-clear principal cells Stained with Mallory’s acid 
fuchsin and aniline blue or Masson’s trichrome the membrane is 
blue m contrast to the red granules, while with pyronin methyl-green 
it is pink in contrast to greenish blue granules 

Dark oxyphil cells most often he within groups of pale oxyphil 
cells but are also found scattered among the principal cells (fig 1) 
Withm these groups they tend to be distorted by pressure, develop- 
ing concave surfaces and a more or less crescentic shape Such 
cells measure often 15x5 p, Amongst prmcipal cells they are 
polygonal or rounded, and measure 7-14 ju, in diameter The nuclei 
resemble those of the pale oxyphils, usually of the smaller sizes, 
and are more often pyknotic Oxyphil granules similar to those 
m the pale oxyphils are seen in some of the cells but the intervening 
cytoplasm is homogeneous to a variable degree and m most cells 
completely obscures the granules Dark oxyphil cells are obviously 
formed by a change m the cytoplasm of the pale variety The 
transition is best followed m sections stamed with Heidenhain’s 
iron hsematoxykn The ground substance of the cytoplasm becomes 
progressively darker and in the end homogeneous and black The 
granules soon become invisible Finally no structure is seen except 
a small vacuole or pigment sphere A similar change is seen with 
Mallory’s phosphotungstic-acid hsematoxylm which stains the 
oxyphil granules a distinctive blue The cytoplasmic ground 
substance from being uncoloured becomes progressively bluer until 
it is dark blue and homogeneous The granules are perceptible for 
a longer time than with Heidenham’s hsematoxykn but ultimately 
are obscured With Ehrlich's hsematoxykn and eosm a deep 
eosinophil change appears, sometimes affecting first only part of 
the cytoplasm but soon becoming diffuse and leading to early dis- 
appearance of the granules The final result with all stams is a 
homogeneous, hyaline, refractile oxyphil mass with a pyknotic 
nucleus Fragmentation of both nucleus and cytoplasm can then 
occur. Fragmented cytoplasm without a nucleus can not infre- 
quently be seen With Weigert-Gram the dark oxyphil cells tend 
to retam the stain and may be frankly Gram-positive 
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bis painting reproduced m fig 1 {for which I am mdobted to Professor 
Turnbull) the late Mr Ford unfortunately used artificial light with daylight 
the cytoplasm of the deep oxyphils in this section is purple-red, that of the 
principal cells almost blue If the glands are not perfectly normal and 
rosarot principal colls are piosent these can usually bo differentiated m 
daylight because of their being tinged more or less with blue so as to bo a 
colder pink than, the oxyphil cells This distinction, in colour is slight, 
however, so that the possible prosenco of deeply eosinophil rosarot cells 
prevents the stain from being a perfect method of differentiation , it is still 
less reliable in abnormal parathyroids such as the hyperplastic glands in 
generalised osteitis fibrosa 

Turnbull (Hunter and Turnbull, 1931-32), for precise differentiation of 
the cells m formol-fixed material, used a solution of Unna-Pappenheim’s 
methyl-green pyronin according to the formula of Sclimorl (1928) He 
had found this solution of great value m determining the degrees of basopliiha 
of the cytoplasm of the cells of tho marrow The stain was applied for half 
an hour or longer, blotted, dehydrated with absolute alcohol as rapidly as 
possible, cleared with xylol and mounted m balsam Tho granules of the 
pale oxyphil cells were stained pale greenish blue and their coll membranes 
pink Occasionally more deeply red particles of cytoplasm were attached 
to the cell membrane or lay free within the cell body The dark oxyphils 
were stamed dark blue-green and a pink cell membrane was very rarely 
shown The cell membranes of the principal cells were stamed pink and the 
particles of cytoplasm pink or red, the dark principal cells being deep red 
After a solution made up m 1922 had been used up we failed to obtain 
satisfactory results with similar solutions made with pyronin and methyl- 
green from various sources Recently, however, Mr John King has obtained 
excellent results by staining for 16 minutes with the Unna-Pappenheim 
mixture according to the formula of McClung (1929), differentiating for five 
seconds or longer with carbol-water as used in the formula, blottmg diy 
with filter paper and mounting immediately in Gurr’s medium The sections 
may be stamed for a longer time and then longer washing m carbol-water is 
required to remove the excess of green Differentiation is controlled with 
the microscope The contrast between the green or greenish blue of the 
oxyphil cells and the pink or red of the principal cells is very sharp Principal 
cells which appear rosarot with hasmatoxylin and eosm are stamed pink 
or red We have found the method to differentiate with certainty and 
constancy oxyphil and principal cells 

In Mallory’s phosphotungstic-acid hsematoxylin the oxyphil granules 
are sharply defined and usually but not invariably stamed dark blue 

The long methyl blue and eosm method of Mann (1902) preceded by 
Lugol’s solution sometimes differentiates the cells very cleaily m formal- 
dehyde material, but we have not obtained constant results The preliminary 
treatment with Lugol’s solution for 15 minutes, decolourisation m 95 per cent 
alcohol for at least 1 hour, and washing m tap -water are taken from 
Dr Dorothy Russell who has used this method with excellent results for 
staining the pituitary gland by Mann’s long method 

Mallory’s acid fuchsin and aniline blue according to the method of Crooke 
and Russell (1935) has occasionally given good results, the oxyphil granules 
bemg golden, but has proved even more uncertain than Mann’s method 

Welsh (1898) gave the first good description of the cells of the para- 
thyroids and apphed the name “ oxyphile ” to the eosinophil granular cells 
winch certainly had been seen before by Sandstrom. (1879-80) The remain- 
ing cells Welsh called principal cells and he recognised several varieties 
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principal cells, but mention has been made of appearances m 
routine paraffin sections suggesting its occasional presence m 
oxyphil cells Further, oxyphil cells are difficult to recognise m 
sections stained by Best’s method unless they are m masses and 
it is impossible to deny that some oxyphil cells may contain a httle 
glycogen It is not as a rule evenly distributed. Its amount and 
position correspond to dropsical areas in the cytoplasm Thus the 
greatest amount was found in water-clear cells and the next in 
transitional cells It was seen m the cells of columnar-celled alveoli 
(p 208) and cystic vesicles (p 211) m some cases and was frequent 
within the lumen of the former 

Peterson first described glj cogon in the parathyroids and nodules of colls 
rich in glycogen According to Yanaso, Guizotti had described its absence 
from oxyphils and its abundanco in children, and this Yanaso confirmed 
Kurokawa (1925) and Turnbull (Hunter and Turnbull, 1931-32) also found 
it absent in oxyphils in normal glands but tlio latter found it in pale oxyphil 
colls in an enlarged parathyioid in gonoiahsed osteitis fibrosa 

Pigment 

In paraffin sections accumulations of pigment are seen in many 
cells of all glands of adults As a rule only one is present in a cell 
but occasionally there are two and rarely three Their diameter 
vanes from 0 5 to 4 p. but is usually about 2-3 p. They are usually 
round, but when small are often of irregular shape The number 
vanes considerably m different subjects and in parts of the glands 
of the same subject Their density is also variable Most commonly 
they are lemon yellow, pale and vacuolated, but with increasing 
density they become darker until finally they form sohd yellow- 
brown spheres Vacuoles are frequently seen in them, which vary 
in size and number and may be present even in examples only 1 p 
m diameter The pigment may be present only as a ring or crescent 
around a large central or eccentric vacuole, or it may form a 
capsule around and a net between a complex of vacuoles The 
number of vacuoles decreases with increasing density of the 
sphere These accumulations of pigment are most conspicuous m 
oxyphil cells and m these the darkest and most sohd are seen 
In water-clear cells they may appear suspended in the clear 
cytoplasm In oxyphils and dark prmcipal cells there may be a 
narrow clear halo around some of them , rarely a condensation of 
the cytoplasm like a capsule surrounds this halo, suggestmg a 
bird’s eye with the yellow sphere for pupil 

This pigment was seen in all subjects of 4 years and over in 
whom it was looked for, all available material between the ages of 
4 and 20 being exammed closely Frequently under the age of 4 
years very minute yellow granules were seen but they were too 
small to identify with certainty as pigment In children the groups 
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show one or more clear rounded spaces evidently occupied by a 
clear fluid. Ring or crescent forms are caused by a large central 
or eccentric vacuole Even the ring or crescent may have many 
smaller vacuoles Sometimes a complex of vacuoles up to 7 5 p m 
diameter is seen in which the lipoid forms only a capsule and inter- 
vacuolar net Morphologically the lipoid is identical with the 
pigment except that the size of the lipoid globules is often shghtly 
larger 

Relation to yelloio pigment In order to ascertain the 
relationship between the lipoid and the spheres of yellow pigment 
drawings were made of suitable groups of lipoid globules m osmic- 
acid-fixed preparations, the size and position of any vacuoles in 
them were indicated and the individual globules measured with 
an ocular micrometer After removal of the blackened lipoid by 
turpentine the sites occupied by the globules were examined again 
and pigment spheres were then usually revealed in them The 
pigment spheres were seen to have been blackened and usually 
had the same shape as the lipoid and identical vacuoles, but many 
had also been surrounded by lipoid, since their diameter was often 
1-2 p less than that of the corresponding lipoid globules Such 
reduction was accompanied by the appearance around the pigment 
sphere of a clear halo which had not been seen around the blackened 
lipoid globule The removal of the lipoid sometimes revealed 
additional vacuoles these had probably been present m both 
the lipoid and the pigment sphere but had been obscured by the 
osmic acid blackening Some of the lipoid, especially the small 
globules and granules, was dissolved away without reveahng any 
underlying pigment 

It is seen therefore that the lipoid is closely associated with 
the pigment but may also surround it Whether the pigment is in 
a fluid state m the lipoid could not be determined, but probably 
it is solid, since a fluid would diffuse and always occupy the whole 
hpoid globule It is possible that hpoid-soluble hpochrome held 
in solution changes after some time into an msoluble hpoidaffin 
pigment A similar origin was suggested for the pigment in the 
spindle cells m perivascular fibrosis (p 189) No pigment spheres 
were unblackened in osmic preparations, but m paraffin sections of 
formol-fixed tissue the pigment was not blackened by treatment 
with osmic acid It can be presumed, therefore, that all the 
pigment, even when forming dense solid brown spheres, was 
associated with some hpoid 

Chemtcal nature The hpoid was isotropic and gave a negative 
Schultz reaction for cholesterol In only one subject, with abnormal 
glands, was cholesterol seen , it was m phagocytes m small cysts , 
it gave a positive Schultz reaction, formed anisotropic liquid 
crystals and was coloured pink or purple with mle blue sulphate 
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Apart from tlie frequent staimng of pigment m paraffin section 
by Scharlach It, the oxyphil cells usually took up a slight diffusi 
yellowish colour This was also seen m frozen sections. 

The chief differential features of the hpoid substance can bi 
summarised as follows It was soluble m acetone m the cold 
isotropic and free from demonstrable cholesterol. It was stainei 
by Scharlach R, blackened by osnuc acid, stained deep blue b; 
nile blue sulphate and stained black by the methods of Smith 
Dietrich and Weigert-Pal It required much longer tune to saturat- 
than fatty substances demonstrated by Ciaccio’s method, but less 
than the great bulk of the neutral fat or nnxed neutral fat and fatty 
acid in the adipose tissues According therefore to the present, 
undoubtedly inadequate, knowledge of the histochemical properties 
of different fatty substances it would appear to consist chiefly 
or entirely of free fatty acids 

Amount at different ages and distribution As shown in the table 
hpoid m minute granules was first seen at 6 months, and next 
at 5 years Hollow centres were first seen at 8 years The absence 
at earher ages is, however, open to criticism since in most cases 
frozen sections stained with Scharlach R were used and this method 
is unsatisfactory for revealing small amounts and small granules 
It was thought that the presence of fatty degeneration in other 
organs m 3 cases might have had some causal relationship with the 
rather numerous granules and small globules of lipoid present In 
the subject, aged 6 months, in whom hpoid was first seen in the 
cells no microscopical preparations were made of other organs and 
the presence or absence of fatty degeneration in them could not 
be decided, but the child died, after an operation for hydrocephalus, 
m status epilepticus with a high temperature, and bronchopneumonia 
was found at necropsy, so that fatty degeneration may well have 
been present It would require healthy subjects and osmic-acid- 
fixed preparations to decide the first appearance of hpoid The 
average full amount of hpoid was first seen in a subject aged 25, 
but the most abundant hpoid in largest globules occurred in older 
adults 

Many glands of adults show small areas m which the hpoid is 
scanty, absent, or m the form of numerous minute granules These 
are the prohferation foci of certain authors 

Lipoid was always less abundant in oxyphil cells than in 
principal cells 

In colloid and cystic vesicles (p 210) and in columnar-celled 
alveoli (p 208) the hpoid shows a distinct tendency to he in the 
cytoplasm between the nucleus and the free border of the cell 
and, m the case of parenchymatous trabeculse two cells wide, on 
the side of the nucleus towards the centre of the trabeculse In 
columnar-celled alveoh and colloid vesicles lined with cubical cells 
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Kurokawa (1925) first saw it at ago 4 Arndt (1922-23) and Gossmann (1927) 
in man and Olimori (1929) in guinea-pigs stated that it was stained by the 
Smith-Dietnch method, Arndt and Ohm on thnt it was Ciaccio-positivo, in 
part at least according to Amdt Gossmann, Amdt and Olimon frequently 
found anisotropic substances and stntcd that cholesterol may be present 
Erdheim (1903) could not find anisotropic lipoid in the parathyroids 

Damsch (1924) stated that principal and oxyphil cells of old people 
contain fat which is resistant to fat solvents This was probably tho pigment 
spheres Daniscli was apparently tho only author to note tho light staining 
with Sudan of oxyphils in paraffin sections 

W General arrangement of the parenchyma 

It is possible to distinguish four types of gross structure 
1 Compact (fig 3) The gland or part of the gland consists 
of a solid mass of cells perforated here and there by relatively feiv 



Fig 3 — Compact gross structure , Fig 4 — Coarsely trabecular 

parenchyma shaded gross structure 

and small canals containing vessels and scanty perivascular 
connective tissue 

2 Coarse trabecular (fig 4) The parenchyma consists of solid 
branching and anastomosing trabeculae many cells thick This 
type only differs from the compact in that the perivascular 
connective tissue is more abundant Sw elling of cells from glyco- 
genic distension (water-clear cells) or increase m number from 
hyperplasia tends to produce glands of compact type, while 
adiposity of the stroma produces trabecular glands 

3 Lobular (fig 5) The parenchyma of glands or parts of 
glands is spht mto angular masses by scanty areolar tissue 

4 Large acinar (fig 6) This type resembles the lobular but 
the masses are rounded It is not often seen and is usually confined 
to one side of a gland 

The parenchyma forming these types of gross structure is 
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and anastomosing narrow tiabeculae usually two cells wide In 
children and infants tlie capillaries are fewer and the trabecula 
wider, hemg 3-6 cells wide In lisematoxylin and eosin sections, if 
the reticulum is almost confined to the "walls of the capillaries, the 
trabecular substructure may be indistinct but oedema and especially 
congestion may render it pi onunent If there is much free reticulum 
extending from that aiound the capillaries oedema makes more 
obvious a fine trabecular and small acinar substiucture Most free 
reticulum is found m glands or parts of glands where a small acinar 
substructure predominates, the acini being surrounded by a layer 
of reticulum in which capillaries are found only at intervals (fig 8) 



Fig 8 — Drawing of reticulum 3 08 Lmdltnv’s impregnation X 240 

The small acmi, usually two cells wide, often appear like independent 
structures but they are probably united To produce considerable 
areas of small acrni, however, trabeculae would have to be much 
altered m shape, if not segmented, by the development of abundant 
free reticulum Elaborate reconstruction methods would be 
necessary to decide whether such acmi are free or connected 
Reticulum separating individual cells was seen only in a few 
patches m adult glands and was considered to be an expression of 
fibrosis In oxyphil cell masses the reticulum is confined to walls 
of capillaries Colloid vesicles are surrounded chiefly by free 
reticulum with capillaries only at intervals 
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fixed in Gatenby’s fluid the lipoid m the nodule uas again very 
scanty and formed of small droplets A femur examined in each of 
the six cases showed osteoartlmtis in three and no bony abnormality 
m the others Five subjects were female All weie between 44 
and 80 years of age It is probable that these nodules of dark 
and transitional prmcipal cells have no relation to bone disease 
but have the same unknown significance as nodules m the thyroid, 
suprarenal and pituitary glands in adults 

Sandstrom (1879-80) described the compact and trabecular structure 
to which Kolin (1895) added the lobular type Bergstrand (1919-20) desenbed 
reticulum around tlio capillaries from which fibrils run off to surround tlio 
folhcles with a complete lattice-work Ho pointed out that there is no 
membrana propria such as Sandstrom had described He could not find 
reticulum branching from tlio capillaries m tlio first j ears of life 

Erdlieim (1907), Todyo (1912) and Danisch (1925) described, in normal 
glands of adults, foci characterised by scantiness of lipoid, the lipoid being 
in the form of small or minute, oven if numerous, granules They regarded 
the foci as areas of proliferation Tho foci were best revealed by osmic acid 
fixation Significance was attached to an abnormal number and size of such 
lipoid-poor foci in certain diseases of bone, oven when tho glands were of 
normal size Bergstrand (1920-21) did not find, them in uncnlarged glands and 
considered that they may have been confused with oxyphil cell masses, which 
are always poor m lipoid, or with areas imperfectly penotrnted by osmic acid 
He considered that the only structures worthy of tho name of proliferation 
foci were discrete nodules of prmcipal cells such as Erdlieim (1907) desenbed 
in 3 adults 

V Inconstant structures in the parenchyma 
Columnar-celled aheoh 

A columnar-celled alveolus (fig 9) is a lumen fined with, a layer 
of sfiort or tall columnar cells and resembles an alveolus of a 
secreting gland Usually m single sections tfiey appear to be 
unconnected with the neighbouring gland but senal sections show 
them to be within trabeculae of sohd parenchyma The lumen is 
sharply outlined as a rule , its diameter varies from 3 p. to 40 p but 
is usually about 10 p. The fining cells are essentially the same as 
in the rest of the gland except as regards size and shape They 
are usually transitional, rarely water-clear, prmcipal cells and 
occasionally an oxyphil cell hes among them , a complete lining 
of oxyphil cells is rare (figs 10 and 12) 

The alveoh usually occur m smgle or multiple groups (fig 10) 
of about 3-15 Scattered smgle alveoh may be present, with or 
without groups elsewhere The groups tend to he near the surface 
of the glands, occasionally in the form of discrete nodules, or they 
he in a nodule of water-clear cells Wi thin the groups or in small 
areas elsewhere are frequently fomid small acini (fig 10) and 
slender trabeculse composed of short columnar cells with basal 
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Pseudo-alveoli. 

Another type of alveolus is frequently seen and although it is 
pathological it is mentioned here since it might be confused "with a 
secretory alveolus Pseudo-alveoh (fig 14) he characteristically in 
the centre of one or perhaps tiro glands in a subject They are 
somewhat larger than true columnar- celled alveoli and their outlines 
are not so sharp and regular The lining cells are usually cubical 
or short columnar and arranged m a palisade The content is 
usually unstained except for some granular or reticular coagulum, 
a few red corpuscles and perhaps a desquamated cell or two 
Phagocytes containing iron were seen m or about them m two 
subjects They are formed by mechanical separation of a column 
of cells by the escape of tissue fluids m oedema and congestion, 
which are frequently recognisable m the affected glands Similar 
pseudo-alveoh may be formed by frank hsemorrhage They are 
not so frequently seen as true columnar-celled alveok and were 
found m only 33 of 428 subjects (8 per cent ) However, the 
number m any affected area is greater than that of columnar-celled 
alveoh m their focal groups An unusual expansion of the lumen 
occasionally seen m columnar-celled alveoh is probably due to 
such a pathological oedema fluid being added to the secretory fluid 

Trabeculce of columnar cells 

Slender trabeculae two cells wide were described m the general 
arrangement of the parenchyma as making up the bulk of the 
substructure of glands Occasionally, especially near the surface 
of glands, the cells become large and columnar while the nucleus 
is basal This is most conspicuous in pathologically enlarged 
glands or in normal-sized glands where columnar-celled alveoh 
are numerous Trabeculse of this structure probably indicate 
increased secretory activity and precede the formation of alveoh 

Colloid vesicles 

Two types of vesicles containing colloid-hke material occur — 
the true colloid vesicle and the cystic vesicle 

True colloid vesicles sire small, spherical or somewhat oval, are 
lined with a sharply defined regular row of cells and contain a 
deeply eosinophil homogeneous coagulum (fig 15). They arise, 
as has been mentioned above, from columnar-celled alveoh by a 
transformation of watery into colloid secretion and by shortening 
of the cells as the globule of colloid increases m size They are 
probably also formed by the enlargement of colloid droplets formed 
between polygonal cells , when such a droplet reaches about 15- 
20 ft m diameter the formation assumes the appearance of a small 
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Tlie cysts often lie isolated in, or project into, the interstitial 
tissue or capsule (fig 16) Usually, however, they he completely 
within the parenchyma (fig 17) In groups m the latter position 
it is frequently possible to follow their development Transitions 
are found between small deposits of a pale coagulum between 
polygonal cells to large, irregularly shaped cysts, the most irregular 
resembling a lake with long promentanes projecting into it (fig 17) 
or a collection of elongated lakes separated by isthmuses Such 
multilocular forms aie found only m the superficial parenchyma 
The content is leticular, globular, finely or coarsely vacuolated 
or homogeneous, and seldom fills the vesicle completely It is 
often fragmented Usually it is stained very famtly or less deeply 
than the colloid in tiue colloid vesicles Occasionally a famtly 
stained coagulum contains small, deeply eosinophil globules 
Rarely, eosmoplnl fragmented contents are surrounded by a 
famtly hsematoxyplnl coagulum which gives the specific reactions 
of mucin A homogeneous content as deeply eosmoplnl as that 
in true colloid vesicles is unusual A few vesicles are appaiently 
empty In 100 subjects no crystalline structuies were detected in 
the vesicles in paiaffin sections exammed with the polarising 
microscope 

The lining shows much greater variation than m true colloid 
vesicles A single vesicle may be lined in part with greatly flattened 
cells and in part with cubical or spheroidal cells, while m another 
part there is no sharp boundary but the pale content infiltrates 
between the adjacent polygonal cells of a mass of parenchyma 
The vesicles which he isolated m the interstitial tissue or capsule 
axe frequently bounded by a wall of hyaline fibrous tissue and the 
large racemose vesicles within the parenchyma often have a similar 
wall in places Vesicles in groups are occasionally separated from 
one another by strands of hyahne fibrous tissue Such fibrous walls 
are usually lined with a single layer of greatly flattened cells, the 
lining bemg often absent m places, but a lining of water-clear cells 
is frequent Very rarely the lining mcludes one or two oxyphil cells 
Unilocular cystic vesicles are usually much larger than true 
colloid vesicles but seldom exceed 300 /* m diameter Multilocular 
forms may occupy one or two mm 

Cystic vesicles are more co mm on m the lower parathyroids 
In 11 out of 428 subjects they were visible to the naked eye and all 
such lay m the lower glands In a recent subject, however, typical 
examples were seen projecting from the surface of an upper gland 
Within the glands there are three types of distribution all of wluch 
are common 

(1) Vesicles scattered throughout the gland, either all discrete 
or in places in groups 

(2) Vesicles deep m the gland These are frequently lined with 
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stained in a few small, newly formed cystic vesicles Tlie apparatus 
was large, suggesting activity, but abnormal m structure. It is 
probable that most if not all cystic vesicles are the result of an 
abnormal and apparently functionless activity 

VI The Golgi apparatus 

Some parathyroid glands were obtained from thyroids shortly 
after surgical removal and the Golgi apparatus was impregnated 
by Da Fano’s silver method Only a few glands were obtainable 
and the preparations were imperfect, showing impregnation only 
in small patches, while deposit was frequent However, from 
examination of the impregnated areas some conclusions can be 
drawn 

In areas where the cells are polygonal and arranged m trabeculffi 
the apparatus forms a net or tangle with one or more projecting 
processes and usually shows no definite localisation in the cell 
(fig 18) Sometimes when well defined trabecula} two cells wide are 
present the apparatus shows a predilection for, or the bulk of it hes 
in, the part of the cytoplasm furthest from the surface of the 
trabecula In the few columnar-celled alveoh obtained the 
apparatus hes between the nucleus and the free border of the cell 
(figs 19 and 20) It is not obviously increased m bulk but appears 
to be more elongated than in polygonal cells In colloid vesicles 
it is not enlarged, and occupies a similar position between the 
nucleus and the free border A process may run round one or 
other side of the nucleus In the few cystic vesicles seen the 
apparatus is atypical, especially in small and probably newly formed 
vesicles It is irregular m shape and often enlarged. In some 
cells it forms a large solid mass of irregular outline , in others it 
consists of one or two processes which are irregular m their course 
and which sometimes extend from a mass and may form a loop 
(fig 21) The apparatus never forms a net as in polygonal cells of 
trabeculae No definite Golgi apparatus was seen m oxyphil cells, 
even though these lay m areas where good impregnation was 
present in surrounding principal cells The situation between 
nucleus and free border and the mcreased length of the apparatus 
in the cells of columnar-celled alveoh probably indicate secretory 
activity The large size and atypical form m cystic vesicles probably 
indicates activity of an abnormal kind 

Coumer and Reiss (1922) found that m oats the apparatus hes in the 
side of the cell opposite that applied to the connective tissue septum 
Cowdry (1922) said that the apparatus is reticular, shows great variability 
m localisation m the cytoplasm and is not definitely polarised for secretion 

The mitochondria were not investigated m this work In the horse, 
Bobeau found the mitochondria arranged around the lumen when this was 
present 
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lined with cubical ciliated epithelium attached to a lobulo of thymus IV. 
From the parathyroid IV a process jutted out to this tubo but did not fuso 
with it Groschuff (1900) in a 4 4 cm foetus saw a thymus IV close to a 
pnratliyi oid IV, and a small tubo-like cyst nroso from tlio end of tho thymus 
fiutliest from the parathyroid and passed into tho thyroid Cilia vero 
apparently absent Herrmann and Verdun (1809) described less prccisch 
similai cystic spaces associated with uppei glands m foetuses Tlicso cysts 
or tubes were piobably persisting portions of thymus IV si lien represented 
by a tubular diverticulum, the di\eiticulum having partially or complctch 
failed to ditTercntiato into thymic tissue Erdhoim (1904a) described a cyst 
which probably bolongcd to typo 1 In a woman of 85 with left unilateral 
tliyroaplasin a cyst i\as found beside tho left upper parathyroid It was 
lined with epithelium arranged in 1 oi 2 layers and ciliated m places Salnorj 
glands of typical structure opened into it by ducts 

Type 2 Cysts visible to the naked eye, associated- with the 
uppei parathyroids and derived from thymus IY 

Tliree cysts were seen beside upper glands m subjects aged 65, 
49 and 41 They closely 7 lesembled each other The largest 
measured 1 8x0 6x0 4 cm The paratliyioid fitted like a cap 
upon two They were multilocular, two to the naked eye, the 
third microscopically, but the loculi communicated freely 7 In two 
the content was milky and consisted nucioscopically of minute 
colloid-hke balls in a palei staining reticular or granular coagulum 
The fragmentation of the content probably caused the milky 
appearance The epithelium m places was in a single layer but 
usually m several layers and squamous m appearance An outer 
fibrous wall separated the cysts from the parathyroids In the wall 
of one lay some strands of epithelium closely resembling that of 
involuted thymus These cysts were undoubtedly thymic IV m 
origin but wlietliei they arose before or after its differentiation into 
thymic tissue it is impossible to decide 

Cysts of type 2 were also seen in a case of thyroaplasia and 
congenital myxeedema in a gul of 20 months. No thyroid tissue 
was identified post mortem, and fragments of soft grey tissue from 
its usual site Avere examined microscopically On the nght side 
a normal parathyroid and an accidentally involuted thymus IV 
Avere found In the thymus IV Avas a multilocular cyst hned Avitli 
a single layer of flattened epithelium and also cysts hned AVitli 
several layers of epithelium In the tissue from the left side 
similar involuted thymus IV contained several cysts lined with a 
many-layered epithelium Unconnected Airth these cysts in the 
few sections examined lay groups of glandular structures (Kurstemer 
canals, type 2), the alveoh of Avhich Avere hned with cubical some- 
times pigmented cells while the lununa contained mucus (fig 23) 
A parathyroid, like the other probably an upper, was found m the 
site of the left lobe of the absent thyroid The thymus III in this 
subject weighed only 2 g and Avas involuted and histologically 
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or two layers. The cyst contained a pink homogeneous coagulum 
which was not as hyahne as colloid , the coagulum was separated 
from the upper end of the cyst wall by delicate threads of mucus 
and included in its centre a large group of fat-phagocytes Upon 
the lower part of the cyst wall lay involuted thymus tissue and it 
was apparent that the cyst arose from the thymus On the surface 
of its upper part lay two glandular formations of considerable 
interest (fig 24) They were composed of vesicles or alveoh The 
vesicles contained deeply eosinophil colloid material, the alveoh 
similar colloid or mucus. The vesicles were lined with flattened, 
shghtly eosinophil cells The alveoli were usually lined with 
cubical cells of which the cytoplasm was either eosinophil and 
sometimes pigmented or shghtly basophil, foamy and mucous. 
Lining some alveoh and forming one small nodule were several large 
polygonal eosinophil cells with sharply defined cell membranes 
These cells under a J-m objective closely resembled parathyroid 
oxyphil cells but under a ^ m they were not granular but minutely 
vesicular and did not possess pigment spheres They were identical 
therefore with the large eosinophil cells found m the thyroid m 
certain cases of Graves’ disease, Riedel's goitre and myxcedema 
Some of the cells showed hyahne degeneration, wduch is also seen 
frequently m thyroid eosinophil cells Intimately mixed with 
the alveoh of one glandular formation were alveoh of typical mucous 
gland structure, hned with cubical or short columnar cells having 
faintly hsematoxyplul and finely vesicular cytoplasm Their lumina 
contained mucus Some similar mucous cells were found m the 
walls of the more thyroid-hke alveoh A small duct ran from this 
glandular formation and opened into the cyst The glandular 
formations are of the nature of Kurstemer canals, resembling both 
the colloid vesicular type 1 and the mucous-secretmg glandular 
type 2 The presence of a duct m one of them and their mucous 
alveoh show that they are not ectopic thyroid tissue According 
to the records of the Bernhard Baron Institute a fourth cyst of 
type 3 was found in a female of 80 m 1923 Macroscopically a 
bunch of cysts 1 5 cm m diameter was seen 1 5 cm below the 
isthmus of the thyroid m front of the trachea In the section 
preserved are two locuh with a wide communication The lining is 
of several layers of flattened cells, m places squamous m type 
Involuted thymus m the wall shows its thymic origin In its 
multilocular appearance and many-layered epithelial lining this 
cyst resembled the thymic cysts associated with upper glands 
{type 2) 

That these cysts may be of clinical importance is shown by a case of 
Dr R D Wright of Melbourne University, who kindly sent me the clinical 
details and a microscope section A mass of about 10 g weight m the region 
of the bifurcation of the common carotid artery was excised from a girl of 18 



Plate XXIV 


I' 10 22 — Cyst ol tjpo 1 on surfaco of upper pninthyroid <J 4 H nnd E. X20 

Fig 23 — Cyst of tj pe 2 u itli small glnnd-liko Kiiretomcr cnnnl (typo 2) close to it 
$ 20 months H and E Y 42 

Fig 24 — Glandular formation in wall of cyst of type 3 <J 09 H andE x39 

Fig 25 — Cyst of typo 4 on surface of Ion or parathyroid <J 54 H nnd E 
X28 

Fig 26 — (A), group of small cystic vesicles in surface of parathyroid with largo 
example apparentlj free in capsule , (B), duct like tubulo and group of gland 
like ah eoli (Kurstoiner canals, typo 2) in capsule near (C), a vesicle (probably 
Kilrsteiner canal, tjpo 1) free on surfaco of gland end containing colloid droplets 
m mucous fluid <J 68 H and E X 52 
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1 por cent pliosphomolybdic acid ns in Mnllory’B method and diffcrontintion 
in 0 25 per cent orange G until tlio colls are almost colourless ivlulo tho red 
corpuscles still linvo a rod tint Tho inclusions are hlco typical cytoplasmic 
inclusion bodies — ns seen foi example in distompor and in infectious 
octromelia of mice — m that tlieir strncturo is mainly cither uniform or 
spongy Thoy aro often surrounded by a clear space and somotimes contain 
one or moio structures with tho appearanco of vacuoles, boing clearer than 
tho rost of tho body (figs 1 and 2) In fig 2 a Inigo inclusion body in tho 
light uppor quadrant is seon to fill almost tho wholo liver coll with the 
nucleus pushed to ono side Apparently tho largo body lias been formed 
by fusion of many smaller bodies In fig 3 ono of tho inclusion bodies just 
below tho nucleus shows ovidcnco of very fino granulation, but this is rare 
Tho granulation usually appears to bo duo to laigor particles and rcsomblcs a 
spongowoik rntlior than gianules, ns is demonstiatcd at tho edgo of tho 
inclusion body m tho contro of fig 4 

When stained with hrcmatoxyhn nnd oosm tho bodies stain pink, ns do 
tho rod corpuscles, but of a dcopor tint With Woigert’s iron hicmntoxylm 
and van Gieson both red corpuscles nnd inclusion bodies stnm yellow, nnd 
occasionally fino brown granules or notworks nro obsorvod in or near an 
inclusion body. With Giomsa (fig. 5) wlion tho rod corpuscles stain pink 
tho inclusion bodies may retain tho bluo stain, homo bodies being ontiroly 
blue nnd others pink nnd bluo Tlio wliolo body may bo bluo cxcopt tlio 
vacuolo, which may appoar pink. Again only tho edgo of tho body may bo 
bluo, wlulo tlio contro show's a pinlc or faint pink and bluo spongowork or 
largo granulations In fig 5 tw o blood vessels nro shown packed with Ted 
coipu8clos, wlucli nro easily distinguishable from tho inclusion bodies. 

With P P Lnidlaw’s special stain tho rod corpuscles aro mnuvo and the 
bodies of a similar but deopor tint Mann’s mothod (fig G) stains tho red 
corpuscles rod wlulo tho inclusion bodios may bo ontiroly of a doopor rod, or 
part of tho body may bo doop bluo whilst otlior portions mo rod nnd show 
tho spongowork AIL tho dark structures m fig G nio inclusion bodies and 
tlioro aro also hinus-liko spaces Tho Iivor colls linvo atrophied nnd nppoar 
like stiands in this section, which may loprosont a lator stage of tho procoss, 
with groator damage to cells Attompts to stain for iron and for nmjloid 
in tho bodios gnvo nogntivo results 

Profossoi M Lovaditi of tho Pastour Institute, Pans, informs us that in 
his laboratory somo inclusion bodios Iiavo boon obsorvod m tho mouso’s livor, 
and ho kindly sont us some sections. In thoso tho structures nro oytoplasmio 
but consist of vory fino granulations not vory closoly packed togotlior. This 
condition has been passagod nnd appoars to rosomblo cctromolia, but is 
apparently more virulont (Sclioon, 1938) Attompts to passage tlio condition 
found in our mico have failed so far It docs not appoar to bo tlio same 
as that obsorvod in Pans 

I am much mdoblod to Sir Patnck Laidlaw, F R S , for lus kindly interest 
and help , also to Dr W J Purdy and to Mr Welch of Mr J E Barnard’s 
department for assistance with tho photographs 
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Plate XXV 

Fig 1 — Mouse I Relationship of inclusion bodies to li\ or coIIb P P Laidlaw's 
method y 1250 

Fig 2 — -Mouse I The lnrgo inclusion body in the right upper quadrant linB been 
formed apparently by fusion of many small bodies P P Laidlaw’s method 
X1250 

Fig 3 — Mouse I The liver cell in tho centre shows, just bolow the nucleus, an 
inclusion body which contains a small globular mass consisting apparently of 
very fine granulations P P Laidlau's method X1230 

Fig 4 — Mouse II The spongo like condition is demonstrated at the edge of the 
large inclusion body m the contro of the field Hnunatoxyhn and oosin 
X 1260 

Fig 6 — Mouse I Tho differences between the inclusion bodies and the red 
corpuscles are illustrated Giemsa x 460 

Fig 6 — Mouse II Inclusion bodies, atrophied livei cells and sinus-like spaces 
Mann x 220 
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neutrabsing pioperties in the serum, chicks were obtained whose sera also 
neutralised the virus completely, Sera of clucks from four mothers with no 
such activity wore ineffective hko those of their parents When present, 
neutralising pioperties persisted m chicken sera for only a short time, as is 
shown m the table on p 226 

The active immunity of newly hatched chicks was studied, but tho«c 
with antibodies against tlio virus showed only feeblo resistance to it 
Falling dilutions of Rous filtrate woio injected into the bieast and leg muscles 
of the chicks Two, the offspring of hen 9, resisted a 1 100 but not a 1 10 
dilution, while four others, the young of hens with inactive sera, failed to 
resist the 1 100 virus The difference was thus not very stnking 

Transmission of antibodies through the egg 

These results clearly suggest a transmission of antibodies through tlio egg, 
and it was m fact found that emulsions of the yolk of eggs laid by birds with 
antibodies had definite inactivating power against Rous filtrate , one of tlie>c 
eggs was from hen 9 and two from hen 38, another hen latei discovered to 
have antibodies The egg v, lute had no such activity, nor was any detected 
m tlio yolk of eggs laid by a bud without antibodies Transmission of nnti- 
bodies to young chicks from an immuno mother through the yolk 1ms 
previouslj been reported in the case of tetanus antitoxin (Ramon, 1928). 
diphtheria antitoxin (Jukes, Fraser and Orr, 1934 , Omwa, 1936) and 
fowl-plague antibodj (Schmidt, Ocrskov and Stcenbeig, 1936) The 
neutralising property in “ normal ” fowl sera is thus seen to behave like 
antibodies in general 

Subsequent history of duels bom With antibodies 

A reasonable interpretation of the finding of antibodies in “ normal ” 
fowl sera is to suppose that viruses l elated to that of the Rous sarcoma arc 
widely distributed as harmless inhabitants of the fowl, frequently able to 
stimulate antibody production, but only exceptionally capable of causing 
tumours Consideration of tlus idea led to speculation as to whether sucli 
a virus, hko the antibody, might be transmitted through tho egg Accord- 
ingly chicks of known parentage were reared and wore bled at interval- 
over a period of 2 years in hopes of discovering whether there was am 
relationship between the development of antibodies m their sera m adult 
hfe and the history of their parents m this respect Fifty-seven sera from 
41 fowls weie tested The antibodies m the sera of the parents are shown 
below ( + = antibodies present , — = no antibodies) 


Antibodies in parents* sera 

<5+ 9- 

ng 

S- 9- 

1 

dt 9 + 

No of birds tested 

4 

26 

5 

3 

3 

No of sera tested 

5 

41 

6 

3 

3 


Unfortunately at the end of two years none of tho 41 birds had developed 
more than tnfkng amounts of antibodies m their sera and the experiment 
was therefore terminated It seems unlikely, however, that development 
of antibodies in later life depends closely upon inherited factors This 
conclusion is made more probable by the finding that a cock of Dr C Todd’s 
(1930) mbred stock had potent antibodies in its serum, while three siblings 
(2 d, 1 9) had none 
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activity may be great enough to abolish the action of added complement 
and so make it anticomplementary in a complement fixation test in which 
H i) S IB is used as hsemolysm. 

Using the same technique as in the previous experiments I have examined 
the serum of patients treated with horse serum to see if therapeutic doses of 
serum produce these effects in human bemgs 


Methods 

1 Bactericidal tests The technique adopted was that described by 
Mackie and Fmkelstem (1931) and consists in mixing together varying 
amounts of bacteria m decimal dilution and a constant amount of serum 
Submoculations were made on agar immediately, and after 4 hours’ incubation 
The bactericidal activity was estimated by the difference between the end- 
points of growth of the two series of submoculations 

2 Complement Complement was estimated by adding varying amounts 
of fresh rabbit serum to 0 S c c of a 3 per cent suspension of well washed 
sheep red cells sonsitised by the addition of 7 M H D of haemolytic immune 
body The range tested was 0 02, 0 04, 0 0G, 0 08, 0 1, 0 15 and 0 2, and tho 
activity was taken to be represented by the recipiocal of tho smallest fraction 
of a c c produemg complete lysis 

3 Wassermann reaction The Wassermann reaction was chosen as being 
typical of a complement fixation test Tho technique adopted employed 
constant volumes of antigen and serum with varying amounts of guinea pig 
serum as complement The amounts of complement used were 2, 4 and 8 
M H D , with two serum controls of 2 and 4MHD The tests were earned 
out m duplicate, using cells sensitised with an immune body prepared in a 
horse and one prepared m a rabbit 

A haemolytic immune body prepared by injecting sheep cells into a horse 
is referred to as “ horse versus sheep cells immune body ” or abbreviated 
“H o S IB" A similar hcemolytic immune body prepared m a rabbit is 
referred to as “ R v S IB” 


Results 

Observations have been made upon 15 patients m the Edinburgh City 
Fever Hospital who had been treated with diphtheria or scarlet fever anti- 
toxin The first specimen of blood was withdrawn on admission before the 
administration of therapeutic serum and the bactericidal activity of the 
patient’s serum upon B typhosus was estimated on the same day or, at the 
latest, after storing till the following day m the refrigerator (4° C ) One c c 
of the serum was heated to 56° C for half an hour in a quill tube and stored 
m the refrigerator for the Wassermann test, which was performed upon it 
and upon the second specimen simultaneously The second specimen was 
withdrawn on the 8th-10th day after the injection of serum It will be 
noted that the bactericidal tests on the two specimens of serum from any 
given patient were performed at different times so that it was possible for 
slight differences m activity to be due to the conditions of the experiment 
In the Wassermann tests, however, both specimens were examined at the 
same time and even slight differences would have to be regarded as significant 
The Wassermann test was performed m duplicate on every specimen with 
H v S I B and R v S I B respectively In this test evidence was sought 
of the fixation of complement in the actual test and of anticomplementary 
action m serum control when using H v S I B The results are shown in 
the table 



230 


S THOMSON 


effect in a complement fixation test using a haemolytic immune body prepared 
in a horse 

I wish to thank Dr A Joo of tho City of Edinburgh Infectious Diseases 
Hospital for the specimens of blood from Ins hospital 
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the laboratory was it was built on the mam corridor of the first 
floor and m the very middle of the hospital, and under Dudgeon’s 
guidance it became the centre of hospital life The staff consisted 
of a director, an assistant director and a boy, but semor students 
were allowed to help in the work of the httle department For a 
clerkship in the clinical laboratory there was always keen competition 
and successful candidates for this appointment thought themselves 
to be, and mdeed were, fortunate among their fellows As the 
clock struck ten a firm and familiar footstep was heard in the 
comdor, the door of the laboratory was thrown open, a silk hat 
was hung on a peg and a very large overall was put on : the day’s 
work had begun The examination of every specimen which came 
to the laboratory was as thorough and complete as the methods 
of the day allowed A high standard of technical skill was expected 
Clumsiness was rebuked with jovial abuse but carelessness and 
slackness were sms for which there was no forgiveness Every 
specimen was submitted to long and careful scrutiny and the 
results of the examination were embodied m a written report which 
was short, definite and final Many of Dudgeon’s pupils acquired 
in a few months considerable manual dexterity and a useful know- 
ledge of laboratory methods there can have been few who failed 
to appreciate the importance of care, accuracy and honesty m 
the application of laboratory methods to clinical practice The 
visits which Dudgeon paid to cases in the wards to collect specimens 
or to confer with cluneal colleagues provided fruitful opportunities 
for instruction Dudgeon never collected a specimen for a 
laboratory test until he had made himself familiar noth the details 
of the case Usually he examined the patient In these short 
lessons on bedside pathology Dudgeon rendered Ins pupils his 
greatest service from this repeated correlation of the results of 
clinical observation with laboratory findings he built up an 
experience, probably unrivalled, which formed the basis of his 
outlook on pathology and influenced all his teaching. 

Not the least valuable of Dudgeon’s qualities was his great 
energy, which enabled him to work long hours on end without loss 
of interest and m his earher days without signs of fatigue The 
routme work of the cluneal laboratory occupied him continuously 
from ten o’clock until teatime He ate no lunch on week days 
At five o’clock he began his research work which was often continued 
with an interval for dinner until a late hour of the night 

During the period which began with his appointment as super- 
intendent of the clinical laboratory and which ended with the 
outbreak of the War, Dudgeon occupied a very important position 
m the life of St Thomas’s Hospital and exercised a remarkable 
influence on its medical school He earned and held the respect of 
his semor colleagues and made the clinical laboratory one of the 
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ideal advisor for harassed medical officers faced with practical 
difficulties that would not hroolc delay And lus advice was not 
only practical, it was good , for his opinions, though didactic in 
form, were always based on accurate observation and a careful 
consideration of all relevant factors 

Dudgeon returned to St Thomas’s m 1919 and m July of that 
year the University of London conferred on him the title of professor 
of pathology He became increasingly absorbed in administrative 
duties and on the retirement of Sir Cuthbert Wallace, he succeeded 
to the deanslnp of the Medical School He took over a flourishing 
institution and under Ins rule the School never looked back Owing 
to the generosity of certain of lus private patients and to his own 
financial abihty, he was able to carry out many necessary structural 
alterations, rebuilding the anatomical department and the post- 
mortem rooms Though himself essentially practical in outlook, 
he was always in sympathy with the teachers of the scientific 
subjects and lent a ready ear to their requests for improved equip- 
ment He realised that the London student had suffered in the 
past from a relatively indifferent grounding m the basic sciences 
as compared with the man who joined the School from the older 
universities, and to obviate this defect he developed a system 
under which selected students were enabled to proceed to a B Sc. 
degree before passing on to clinical subjects He also did much 
to establish a haison between the hospitals of the London County 
Council and the teaclnng schools, with a view to rendering the 
vast clinical material of the pubhc institutions available for the 
instruction of the medical student He served on the Voluntary 
Hospitals Committee and was chairman of the Deans Committee 
and a member of tfie Senate of the University of London. With 
these numerous administrative duties and the increasing demands 
of private practice, Dudgeon during his later years had but little 
time available for research After Ins return from Macedoma he 
pubhshed some valuable papers on the dysenteries and latterly 
developed a rapid method of tumour diagnosis by smears, which 
he apphed with conspicuous success to sputum, gastnc contents 
and excised growths He was an excellent teacher and possessed 
a fund of information derived from forty years’ experience of 
clinical pathology which was always at the disposal of his younger 
colleagues 

On the teachmg of pathology, especially in the London schools, 
Dudgeon’s influence was considerable He taught pathology not 
as an isolated subject but as an integral and essential part of 
medical science In all his teaching he emphasised the close 
relationship of pathology with clinical medicine and surgery but 
he never allowed his pupils or his colleagues to forget that a sound 
knowledge of pathology was as essential as clinical experience in 
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colleagues 

On the teaching of pathology, especially in the London schools, 
Dudgeon’s influence was considerable He taught pathology not 
as an isolated subject but as an integral and essential part of 
medical science In all his teaching he emphasised the close 
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may be applied to the vessel wall ” In arteriosclerosis tho exudative 
response appears to be most often either serofibrinous or haimorrhagic 
Tn the arterial wall exudates are of little significance unless they are 
massive and cannot be removed promptly They may then remain 
with or -without the addition of dead elements of the tissues to act as 
stimuli for subsequent organisation In this connection it was found 
that proliferation of capillary endothelium was as often predominant 
as was connective tissue proliferation, a fact to which very groat 
importance is attached Evidence is adduced to show that by the 
formation of intramural collateral channels m cases of arterial occlusion 
or constriction a considerable amount of blood may be “shunted” 
round the occluded or constricted region The cross section of such 
an accessory bed is sometimes considerable, and tho significance of a 
collateral circulation of tins typo may be very great in regions where 
other routes are either not available or insufficient in capacity, as in 
the so-called ond-artenes of tho coionary system On the other hand, 
if the agent primarily responsible for initiating the vascular lesion 
should persist, or a succession of such agents should impose themselves 
upon the vascular tissue, the greatly exaggerated vascular bed would 
certainly enhance any tondency to oxudntion, and, boing easily damaged, 
might also be a source of haemorrhage into what would otherwise bo a 
lesion of little consequenco 

“ Proliferation of mononuclear phagocytes is a prominont feature 
m many sclerotic lesions . . The ability to segregate lipoid materials 
from any available source is one of the remarkable attributes of these 
cells, and large numbers of them filled with fat may gather in the 
mtima, m the media, and even in the adventitia The lipoid present 
m the arterial lesions may be derived from tho serum hpoids, or from 
the debris of cells and exudate that follows upon necrosis of some poition 
of the vessel wall ” 

The importance of focal intramural liremorrlinge m the histogenesis 
of arteriosclerosis is frequently mentioned Its aetiology is varied , 
the haemorrhagic diatheses, vitamin deficiencies, conditions which 
increase the permeability of the capillary wall, and various mechanical, 
chemical and parasitic agencies are referred to 

The authors have also investigated the vascular supply of the heart 
valves, and have found the number of injected vessels to i ary 
tremendously A simple vascular pattern similar to that found regularly 
in the cow was present m some normal valves , m others no vessels 
whatever were seen The so-called normal pattern consists of vascular 
arches derived from vossels at the myocardial attachment of the valve 
Occasionally secondary networks arising from these arches extend a 
httle further into the valve In the aunculo-ventricular valves a 
hitherto undesenbed source of vascular supply has been discovered 
Small vessels were found entering the body of the valve directly from 
the endocardial surface By contrast with the healthy organ, diseased 
valves exhibit tremendous vascularity “ In cases of rheumatic endo- 
carditis, sub-acute bacterial endocaiditis, and syplulitic involvement 
of the aortic valve, the injected and cleared specimens show dense 
arborizations of interlacing vessels of small caliber, chiefly capillaries 
Associated with these are hemorrhages, focal areas of calcification, 
both within and without the lumma of dilated sinusoids, as well as 
exudations of fibrin and leucocytes In other cases less fulminating 
in character, and not associated with definite etiologioal agents tho 
valves often resemble sclerotic vessels m appearance ” In general 
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enter •without any previous instruction m this subject, and dealing later 
with vehicles of infection, clinical bacteriology and mycology, immunity, 
public health laboratory work, public health field and office work and 
parasitology Its composite nature differentiates it somewhat from 
other publications of tlus sort and may make the book of interest to 
teachers m tlus country Each section consists of a brief introductory 
account of the work undertaken and a group of illustrative exorcises 
which follow familiar lines Much of it is difficult to read without 
reference to local praetico and nomenclature and it is on tlio whole 
sketchy The statement (p 36) that “ bacteria have the walled cells of 
a plant, and are usually included among the fungi, as they require 
organic food and lack chlorophyll ” is a generalisation which cannot be 
substantiated, nor can the statement that flagellar motility and antigenie 
property are reduced or lost m the change from smooth to rough (p 59) 
The views expressed on the nature of bacteriophage (p 79) are not m 
agreement with recent work No mention is made of the use of tellunto 
or of type differentiation in the section on diphtheria The reference on 
p 232 to anaphylatoxm is misleading, as is the statement on p 251 
that the agglutinogen in a bacterium is a protein Some sort of reference 
to antigen analysis might have been made m the section on food poisoning 
Illustrations of plate pouring, tube plugging and filter paper folding and 
uncoloured illustrations of pigment production or the reductase test 
are surely either unnecessary or useless and if the theories of immunity 
are to be discussed and illustrated tlus ought to bo done with reference 
to recent work and not simply illustrated in the old Elirholuan way 
The publishers show their optimism regarding the circulation of this 
volume by labelling tho wrapper “ First edition ” 

Bacteriology for medical students and practitioners 

By A D Gakdner Second edition London Humphrey Milford, 
Oxford University Press 1938 Pp 274 , 32 text figs Cs 

The appearance of tho second edition of this little book indicates 
that it has attamed a certain popularity among students It continues to 
be a miracle of compression with little to stimulate further study except 
a hint m the new preface There are remarkably few errors, though the 
compression effected leads here and there to slight ambiguities 


Synopsis of clinical laboratory methods 

By W E Bbay Second edition London Henry Ivimpton 1938. 
Pp 408 , 51 text figs and 17 colour plates 18s 

By adding nearly a hundred pages to the text, the author lias been 
able to include a considerable number of additional procedures m tho 
new edition of his book Ho has also increased the number of text 
illustrations and colour plates But the original conception of a summary 
of procedures lias been kept and tho book is a mine of information m a 
condensed form The criticism offered to the first edition still holds good, 
that brevity m the description of the method of performing tests may 
lead to the omission of necessary practical details 

That a second edition should have been called for within two years 
speaks clearly for the fact that the book has been found of value The 
accuracy of the subject-matter must largely account for this 



242 PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 


C L. Oaeley and G. H. Wahrack. Persistence of influenzal antibody m 
mice 

A S McFarlane Properties of vaccinia virus 

C H Stuart-Haeris A nourotropic strain of human influenza virus 

Janet S F Niven (1) Neuro-opitlielial cyst of the third ventricle. (2) 
Tumour of the thymus 

B G Maegraith and H M Carleton Aortic arteriosclerosis in rabbits 

R Knox A circular manifold for the desiccation of tissues and other 
biological materials 

G J Cunningham and C Reburn A case of sympathogomoma of the 
left adrenal 

S L Baker (1) A freezing method for making sliced museum specimens 
of bone and soft tissues (2) Three tumours involving the tarsal bones - 
(l) chondrosarcoma, (u) sarcoma of tendon sheath ongm, (w) slow- 
growing epidermal carcinoma (3) An unusual type of reticulum-cell 
sarcoma 

*H Burrows Intersexuality induced in female rats by testosterone 

H A Magnus Two cases of reticulosis exhibiting a marked degree of 
erythrophagocytosis 

C Robinow Nucleoid bodies m bacteria as demonstrated by the Foulgen 
method 

R D. Wright and H W Florey. The influence of nerves and hormones 
on the gastro-mtestmal tract (cinematographic demonstration). 

A G Sheba New type of electric saw for use m the post-mortem room. 


Abstract. 
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INTERSEXUALITY INDUCED IN FEMALE RATS 
BY TESTOSTERONE 

Harold Burrows 

Research Institute, Royal Cancer Hospital {Free), London 

The development in the female, under treatment by testosterone, of 
external genitalia resembling those of the male has been already recorded 
by Raynaud (1938 a and 6) in mice, Dantchakoff (1938) m guinea-pigs, and 
Hamilton and Gardner (1937-38) in rats The phenomenon as occurring m 
nature has long been recognised m freemartms, and has been reproduced 
experimentally by grafting testes mto castrated htter-mate females The rats 
now shown represent a htter of 8 bom on the 9th or 10th of November last. 
There are 5 females and 3 males Within 24 hours of birth they were each 
given a subcutaneous injection of 60 y testosterone in sesame oil The doses 
were repeated on the following day and thereafter three times a weok On 
21st November the amounts of testosterone were increased to 160 y and later 
to 300 y, which is the dose now being given In the females the external 
genitalia axe modified In four there is no vaginal opening, and m the 
fifth the opening is minute In all five a well-developed penis is present 
with extensive preputium and a glans furnished in some instances and 
probably xa all with an os penis In one of the females pnapism has persisted 
for two weeks 
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(1931), Kant (1932-33), Bender and Sehildor (1933) and other? Gamper’s 
description of the pathological anatomy can hardly be improved on, though 
minor additions have been made He noted the curiously selective distribu- 
tion of focal lesions throughout the grey matter of the brain stem, showing 
hyperaimia (sometimes but not necessarily with small hreraorrhages), vascular 
prohferation (endothelial and mesenchymal), a varying degree of glial 
proliferation, absence of inflammatory infiltration and relatively slight 
evidence of damage to the nerve cells The localisation of the lesions was 
remarkably characteristic , they were constantly and most markedly seen 
m the corpora mamillana, less constantly m the other hypothalamic nuclei 
and m the nucleus parafascicularis and medial part of the medial nucleus 
of the thalamus , in the mid-bram they were frequently seen m the peri- 
aqueductal grey matter (lmolvmg the oculomotor nuclei), m the posterior 
colliculi and in the central giey matter at tho junction of the mesencephalon 
and diencephalon , and in the limd-bram in the grey matter of the floor of 
the fourth ventricle, especially affecting the dorsal vagal nuclei and tho 
anterior end of the eminentia teres , i e tho lesions extended from the 
medulla forwards to the anterior commissure Nothing characteristic ivas 
found m the cerebral cortex Gamper associated tho lesions m the coipoia 
mamillana causally with the Korsakow’s psychosis which was seen clinically 
m lus cases 

Though Wernicke’s original thiee cases included one of non-alcoholic 
origin and though from time to time other non-alcoholic cases have been 
reported, alcohol was regarded by Gamper and later authors as the important 
letiological agent Neuburger, lion ever, has recently (1936-37, 1937-38) 
emphasised the incidence of the condition m non-alcoliolics as a complication 
of various diseases and concludes that it occurs much more commonly than 
has hitherto been reahsed He has reported a senes of cases occurring m 
individuals suffering from carcinoma — especially gastnc carcinoma (1936-37), 
and chronic gastritis (1937-38) He points out that m such patients, dying 
perhaps from a disease recognised as beyond the reach of treatment, the 
onset of cerebral symptoms may easily be ovei looked or neglected, and 
that m the examination of the brain, the corpora mamillana, the roost 
constant and sometimes the only site of the lesions, may easily escape 
examination 

Recent experience has convinced us of the truth of Neuburger’s 
statements, and the following senes of twelve cases of Wernicke’s 
encephalopathy seems to us to be worth recording, firstly because 
of the twelve only one was associated with alcoholism, while m 
most of the others alcoholism can be definitely excluded , secondly 
because the incidence of our cases as complications of a vanety of 
different diseases may throw some light on the pathogenesis of the 
condition , and thirdly because the scantiness of references to 
Wernicke’s encephalopathy m the British literature combmed 
with our experience of it as a not very rare occurrence leads us to 
beheve that it is frequently missed both clinically and at autopsy 
in this country 

Source of cases 

Table I shows the various conditions with which we have 
found Wernicke’s encephalopathy associated Our cases were 
derived from general, maternity and fever hospitals, but since, 
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The pathology of Wermcle's encephalopathy 

Autopsy was performed on each of the twelve cases For 
histological examination the following methods were employed 

Paraffin sections were stained with luematoxylin and eosin, by Nissl’s 
method (oresyl violet) and by Foot’s method foi reticulin , thick frozen 
sections weie stained by Pickwortli's benzidine method for demonstration 
of the vascular pattern (Pickwortli, 1934-35) , and thin frozen sections with 
Scliarlach K, and hrematoxi lm for fat, by Cajal’s gold chloride and Anderson s 
Victoria blue for astrocytes and by Globus’ modification of Del Rio-Hortega’b 
sih or carbonate foi microglia 

In some of our cases Wernicke’s encephalopathy was an un- 
expected findi ng m the course of routine examination of the 
brain , this was so m cases v here the patient v as admitted m 
extremis, with a history in which the primary disease (c g gastric 
carcinoma) bulked largely, and where a satisfactory examination 
of the nervous system could not be made In most cases, however, 
the chmcal history pointed to a ceiebial complication of the 
primary disease and m some cases Wernicke’s encephalopathy 
was diagnosed before death It is possible, therefore, especially 
m the presence of certain primary diseases, to open the skull in 
reasonably confident expectation of finding the characteristic 
cerebral lesions 

Externally, as a rule, the brain shows nothing abnormal 
Rarely the corpoia mainillana may show obvious congestion 
externally The leptomenmges and the pial vessels show nothing 
of note 

On section of the brain the diagnosis is, m most cases, at once 
obvious There may or may not be a moderate degree of generahsed 
congestion, but in the typical case (figs 1-5) foci of much more 
marked congestion -with many small petechial haemorrhages are 
seen, which selectively affect certain regions The lesions are 
almost without exception symmetrical The corpora mamillaria 
are constantly involved, and frequently also a zone of congestion 
with petecluse is seen m the grey matter mimediately sunounding 
the third ventricle, i e throughout the hypothalamus and medial 
part of the thalamus on each side This periventricular zonal 
lesion may be continuous downwards with a similar zone of 
congestion and petechise m the grey matter surrounding the 
aqueduct, or small discrete focal lesions may be seen m the 
aqueductal grey matter Foci are also frequently seen m the 
posterior colliculi of the mid-brain and, less frequently, m the 
grey matter of the floor of the fourth ventricle and other regions 
(table II) 

In the typical case, showing mvolvement of most of these 
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regions, tlie naked-eye picture is striking and pathognomonic 
In some, however, the distribution of lesions is much more limited 
They may he found in the corpora mamillaria and practically 
nowhere else (e g , cases 6, 7 and 12), and may therefore easily be 
missed if the brain is not sectioned carefully and the mam sites 
of predilection (particularly the corpora maunllana) examined 
Furthermore, even where lesions are present they are not always 
obvious to the naked eye , petechise are not always visible — 
indeed in the corpora mamillana, the most constant site of the 
lesions, macroscopically visible haemorrhages are m our experience 
more often absent — and even congestion may not be striking 
In cases 6 and 9 the focal congestion was so slight and the petechue 
so small in the affected sites that had the diagnosis not been 
suggested from the clinical history it would have easily been missed 
on macroscopic examination As Neuburger emphasises, histological 
examination of the corpora mamillaria is the essential diagnostic 
step Almost always the lesions are symmetrical, but case 2, m 
which a lesion was found only m one corpus, shows that sections 
should be made of both corpora m a doubtful case 

Table II shows the distribution of the lesions in our twelve 
cases Not all the possible sites were examined histologically m 
every case, and small focal lesions may easily have been missed , 
in case 6, for example, the clinically noted ophthalmoplegia (table I) 
indicated a focus in the mid-brain which we did not find on examining 
the brain (serial sections of the mid-brain were not made) The 
order of frequency of affection of the sites of predilection which we 
give m table II is therefore not to be taken as exact It corresponds 
fairly closely, however, with that noted by Gamper, Neuburger 
and others No significant lesions were found in the cerebral 
cortex m any of our cases 


Histology 

Histologically the lesions in our cases are constant in type, 
though varying considerably in intensity and age They agree 
closely with the description given by Gamper and later authors 
of Wernicke's encephalopathy of alcoholic origin Briefly they 
consist of foci, well defined m some sites (e g the corpora mamillaria), 
more diffuse in other sites, showing evidences of vascular disturbance, 
parenchymatous degeneration and glial reaction The vascular 
disturbances consist of great dilatation of supracapillanes and 
some capillaries — other capillaries bemg anaemic (probably because 
of endothelial swelling), irregularities of cahbre and bead-like 
dilatations of these vessels and, to a very varying degree, small 
perivascular (presumably diapedetic) hsemorrhages both of “ ball 
and “ rmg ” type (figs 6-10) this picture, well shown by 
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or merely a slight swelling of nucleus and cytoplasm without 
increase in numbers Subacute cases show (fig 15) both swelling 
and proliferation, with formation of moderate numbers of ghal 
fibrils 

The lesions contrast sharply with those of the infective forms 
of encephalitis m that there is little or no evidence of leucocytic 
emigration In the more acute haemorrhagic Wernicke lesions an 
occasional emigrated polymorph may be seen and an occasional 
case may show infiltration of the perivascular sheaths with lympho- 
cytes, but these findings are exceptional Luthy and Walthard 
(1928) suggest that lymphocytic infiltration where present is a 
secondary phenomenon due to metastatic infection of the already 
existmg lesions from some distant infective focus, but they offer 
no bacteriological proof of this Only three of our cases (nos 2, 
5 and 12) showed any perivascular lymphocytic infiltration , m 
all three it was slight and m two it \\ as found not in the Wernicke 
lesions themselves but in other parts of the brain We can offer 
no explanation of its presence 

The condition was originally called by Wernicke a “polio- 
encephalitis ” Undoubted^ the lesions affect grey matter 
predominantly, but as seveial authors have pointed out, there is 
often a spread to adjacent white matter — notably the columns of 
the fomix, which may show petechue right from their junction 
-nith the corpora mamillaria up to their fusion to become the body 
of the fornix Furthei evidence of involvement of white matter 
is seen m the foci m the optic nerves m our case 11, where a small 
focus was found near the middle of each optic nerve, showing 
compound granular corpuscles in the connective tissue septa and 
granules of fat, partly free and partly m phagocytic cells, among 
the nerve fibres Spielmeyer’s stain showed no obvious de- 
myehmsation There was a shght vascular endothehal hyperplasia 
m and around this focus, but no haemorrhages were seen 

We have not found previous record of involvement of the optic 
nerves m Wernicke’s encephalopathy diagnosed as such but 
several authors have recorded the occurrence of letmal liseruorrhages 
(non-hypertensive) in liyperemesis gravidarum and polyneuritis 
gravidarum (Albeck, 1922, Berkwitz and Lufkin, 1932, Stander, 
1932 , Tillman, 1934 ; and Randall and Wagener, 1937) The 
last two of these references cite cases where the brain showed 
changes very suggestive of Wernicke’s encephalopathy, though not 
identified as such by the authors This, combmed with our finding 
of focal degeneration m the optic nerves in our case 11, suggests 
that the retmse and the optic nerves may be included among the 
vulnerable areas in this disease It will be remembered that the 
anterior colliculi are sometimes affected (as they were in case 11) > 
this apparent common vulnerability of several anatomically remote 
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m head injury and, apparently as a terminal phenomenon, m other 
conditions may at first sight appear similar , but in such cases the 
other histological phenomena of the Wernicke lesion are absent, 
and the corpora mamillana are not affected A “ hajmorrhagic 
encephalitis ” is sometimes found in cases of head injury, sepsis, 
carbon monoxide and arsphenamme intoxication, etc , but this 
“ encephahtis ” consists of petechial haemorrhages throughout the 
cerebral white matter, with no tendency to attack the Wernicke 
sites The same apphes to the apparently primary haemorrhagic 
encephahtis described by Baker (1935) The acute toxic encephahtis 
described by Gnnker and Stone (1928) in children with various 
acute infections shows congestion, vascular endothelial hyperplasia 
and degenerative changes in nerve cells, but the changes are 
diffuse and histologically quite unlike those of the Wernicke lesions , 
microglial reaction is absent, for instance Lastly the infective 
forms of encephahtis are sharply distinguished by the prominence 
of lymphocytic or other leucocytic emigration, which as we have 
seen is exceptional and slight in Wernicke’s encephalopathy 


Correlation of the pathological anatomy with the clinical picluic 

In table I the chmcal features of our cases are summarised 
Detailed descriptions would be out of place here Good chmcal 
descriptions of the alcoholic form of Wernicke’s encephalopathy 
have been given by Kant (1932-33) and Bumke and Kant (1936) 
Briefly, the picture is usually one of lethargy or drowsiness 
terminating m coma, sometimes with periods of excitement , 
exceptions to this picture were shown, however, by our case 2, 
which showed mental confusion and periods of excitement without 
obvious drowsiness, and case 12, which showed contmuous 
excitement Focal signs are usually present, varying according 
to the distribution of the lesions Eye signs — nystagmus, 
ophthalmoplegias of various lands, Argyll-Robertson pupil — are 
common, as one would expect m view of the frequency of mid-brain 
lesions In case 11 the bilateral central scotoma is explained by 
the focal lesions m the optic nerves Symptoms due to the lesions 
in the vegetative centres of hypothalamus and floor of fourth 
ventricle are also seen , among our cases, for instance, glycosuria 
was noted twice, and irregularities m respiration or death pre- 
dominantly from respiratory failure also twice Vomiting was a 
very frequent symptom, but in cases such as ours it is difficult to 
say whether it was due to the primary disease wluch caused the 
encephalopathy or to the focal lesions in the hypothalamus or 
medulla 

When the drowsiness was not too severe to make assessment 
of mentahty impossible, some of our cases (eg nos 1, 2 and 5) 
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in head injury and, apparently as a terminal phenomenon, m other 
conditions may at first sight appear similar , but in such cases the 
other histological phenomena of the Wernicke lesion are absent, 
and the corpora mamillaria are not affected. A “ haemorrhagic 
encephalitis ” is sometimes found in cases of head injury, sepsis, 
carbon monoxide and arsphenamme intoxication, etc , but this 
“ encephahtis ” consists of petechial haemorrhages throughout the 
cerebral white matter, with no tendency to attack the Wernicke 
sites The same applies to the apparently primary haemorrhagic 
encephahtis described by Baker (1935) The acute toxic encephalitis 
described by Grinker and Stone (1928) in children ivith various 
acute infections shows congestion, vascular endothelial hyperplasia 
and degenerative changes in nerve cells, but the changes are 
diffuse and histologically quite unlike those of the Wernicke lesions , 
microghal reaction is absent, for instance Lastly the mfective 
forms of encephahtis are sharply distinguished by the prominence 
of lymphocytic or other leucocytic emigration, which as we have 
seen is exceptional and slight in Wernicke’s encephalopathy 


Correlation of the pathological anatomy with the clinical picture 

In table I the clinical features of our cases are summarised. 
Detailed descriptions would be out of place here Good chmcal 
descriptions of the alcoholic form of Wernicke's encephalopathy 
have been given by Kant (1932-33) and Bumke and Kant (1936) 
Briefly, the picture is usually one of lethargy or drowsiness 
terminating in coma, sometimes with periods of excitement, 
exceptions to this picture were shown, however, by our case 2, 
which showed mental confusion and periods of excitement without 
obvious drowsiness, and case 12, which showed continuous 
excitement Focal signs are usually present, varying according 
to the distribution of the lesions Eye signs — nystagmus, 
ophthalmoplegias of various lands, Argyll-Robertson pupil — are 
common, as one would expect m view of the frequency of mid-bram 
lesions In case 11 the bilateral central scotoma is explained by 
the focal lesions in the optic nerves Symptoms due to the lesions 
m the vegetative centres of hypothalamus and floor of fourth 
ventricle are also seen , among our cases, for instance, glycosuria 
was noted twice, and irregularities m respiration or death pre- 
dominantly from respiratory failure also twice Vomiting was a 
very frequent symptom, but m cases such as ours it is difficult to 
say whether it was due to the primary disease winch caused the 
encephalopathy or to the focal lesions in the hypothalamus or 
medulla 

When the drowsiness was not too severe to make assessment 
of mentahty impossible, some of our cases (eg nos 1, 2 and 5) 
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m head injury and, apparently as a terminal phenomenon, in other 
conditions may at first sight appear similar , but in such cases the 
other histological phenomena of the Wernicke lesion are absent, 
and the corpora mannllaria are not affected A “ hiemorrhagic 
encephalitis ” is sometimes found in cases of head injury, sepsis, 
carbon monoxide and arsphenamme intoxication, etc , but this 
“ encephalitis ” consists of petechial haemorrhages throughout the 
cerebral white matter, with no tendency to attack the Wernicke 
sites The same apphes to the apparently primary lnemorrhagic 
encephahtis described by Baker (1935) The acute toxic encephahtis 
described by Grmker and Stone (1928) in children with various 
acute infections shows congestion, vascular endothehal hyperplasia 
and degenerative changes m nerve cells, but the changes are 
diffuse and histologically quite unlike those of the Wernicke lesions , 
microglial reaction is absent, for instance Lastly the infective 
forms of encephahtis are sharply distinguished by the prominence 
of lymphocytic or other leucocytic emigration, which as we have 
seen is exceptional and slight m Wernicke's encephalopathy 


Correlation of the pathological anatomy with the clinical picture 

In table I the chmcal features of our cases are summarised 
Detailed descriptions would be out of place here Good chmcal 
descriptions of the alcoholic form of Wernicke’s encephalopathy 
have been given by Kant (1932-33) and Bumke and Kant (1936) 
Briefly, the picture is usually one of lethargy or drowsiness 
terminating in coma, sometimes "With periods of excitement, 
exceptions to tins picture were shown, however, by our case 2, 
which showed mental confusion and periods of excitement without 
obvious drowsiness, and case 12, which showed continuous 
excitement Focal signs are usually present, varying according 
to the distribution of the lesions Bye signs — nystagmus, 
ophthalmoplegias of various kinds, Argyll-Robertson pupil — are 
common, as one would expect in view of the frequency of mid-bram 
lesions In case 11 the bilateral central scotoma is explained by 
the focal lesions in the optic nerves Symptoms due to the lesions 
m the vegetative centres of hypothalamus and floor of fourth 
ventricle are also seen , among our cases, for mstance, glycosuria 
was noted twice, and irregularities in respiration or death pre- 
dominantly from respiratory failure also twice Vomiting was a 
very frequent symptom, but in cases such as ours it is difficult to 
say whether it was due to the primary disease which caused the 
encephalopathy or to the focal lesions m the hypothalamus or 
medulla 

When the drowsiness was not too severe to make assessment 
of mentality impossible, some of our cases {eg nos 1, 2 and 5) 
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m head injury and, apparently as a terminal phenomenon, m other 
conditions may at first sight appear similar ; but m such cases the 
other histological phenomena of the Wernicke lesion are absent, 
and the corpora mamillana are not affected A “ hEemorrkagic 
encephahtis ” is sometimes found in cases of head injury, sepsis, 
carbon monoxide and arsphenamine intoxication, etc , but this 
“ encephahtis ” consists of petechial haemorrhages throughout the 
cerebral white matter, with no tendency to attack the Wernicke 
sites The same apphes to the apparently primary haemorrhagic 
encephahtis described by Baker (1935) The acute toxic encephahtis 
described by Grmker and Stone (1928) m children with various 
acute mfections shows congestion, vascular endothehal hyperplasia 
and degenerative changes in nerve cells, but the changes are 
diffuse and histologically quite unlike those of the Wernicke lesions , 
microglial reaction is absent, for instance Lastly the infective 
forms of encephahtis are sharply distinguished by the prominence 
of lymphocytic or other leucocytic emigration, which as we have 
seen is exceptional and shght m Wernicke’s encephalopathy 


Correlation of the pathological anatomy with the clinical picture 

In table I the clinical features of our cases are summarised 
Detailed descriptions would be out of place here Good chmcal 
descriptions of the alcohohc form of Wernicke's encephalopathy 
have been given by Kant (1932-33) and Bumke and Kant (1936) 
Briefly, the picture is usually one of lethargy or drowsiness 
terminating m coma, sometimes with periods of excitement, 
exceptions to this picture were shown, however, by our case 2, 
which showed mental confusion and periods of excitement without 
obvious drowsiness, and case 12, which showed continuous 
excitement Focal signs are usually present, varying according 
to the distribution of the lesions Eye signs — nystagmus, 
ophthalmoplegias of various kinds, Argyll-Robertson pupil — are 
common, as one would expect in view of the frequency of mid-bram 
lesions In case 11 the bilateral central scotoma is explained by 
the focal lesions m the optic nerves. Symptoms due to the lesions 
m the vegetative centres of hypothalamus and floor of fourth 
ventricle are also seen , among our cases, for instance, glycosuria 
was noted twice, and irregularities m respiration or death pre- 
dominantly from respiratory failure also twice Vomiting was a 
very frequent symptom, but m cases such as ours it is difficult to 
say whether it was due to the primary disease which caused the 
encephalopathy or to the focal lesions m the hypothalamus or 
medulla 

When the drowsiness was not too severe to make assessment 
of mentality impossible, some of our cases {eg nos 1, 2 and 5) 
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seven such cases , Elkmgton (1936-37) has reported a case of 
Wernicke’s encephalopathy in which the clinical picture seems to 
have suggested gastric carcinoma, though no autopsy record of 
the visceral findings was given , Shimoda and Yamashita (1934-35) 
record a case following gastrectomy for gastric carcinoma , and 
three of our own twelve cases had gastnc carcinoma 

A further group of cases is associated with other disturbances 
of the alimentary tract Neuburger (1936-37 , 1937-38) records 
three cases associated with chronic gastritis, one with melanoma 
showing metastases m stomach and liver, and one with carcinoma 
of the rectum One of Wernicke’s original cases followed sulphuric 
acid poisonmg, but the symptoms of the cerebral lesions came on 
after an interval, and at autopsy a pyloric stenosis was found 
One of Shimoda and Yamashita ’s cases followed gastro-enterostomy 
for chrome peptic ulcei Among our cases one had an old gastro- 
enterostomy and had suffered from repeated gall-stone cohc, one 
had had an ileo-caical resection and showed a macrocytic ansenna 
suggestmg deficient alimentary function, at least as regards the 
absorption of a hsemopoietic factor or factors and one had pernicious 
anaemia with its associated gastric dysfunction Gaupp (1937) 
records a case which followed cholecystectomy for gall-stone cohc , 
there is no note of any actual lesion of the gastro-mtestmal tract, 
but the operation was followed by a good deal of vomiting 
Uchunura and Akimoto (1935) record a case associated with 
cerebral vascular syphilis, but their case also had a long history of 
gastro-mtestmal symptoms and showed chrome interstitial hepatitis 
at autopsy 

Another group of cases is associated with pregnancy and is 
brought on usually (perhaps always) by hyperemesis gravidarum. 
We have recorded two such cases, one with definite hyperemesis, 
the other with a vaguer condition of great flatulence and some 
vomiting, though hardly enough to indicate a typical liyperemesis 
The association of Korsakow’s psychosis with pregnancy and 
liyperemesis gravidarum has of course long been known , and 
smee, as we have seen, the evidence is m favour of Wernicke's 
encephalopathy being a common if not the invariable pathological 
basis of this psychosis m alcohohcs, one would expect to find the 
same encephalopathy in the pregnancy cases We have not 
actually found any such cases m the literature where a Wernicke s 
encephalopathy was recognised, but among accounts of psychoses 
of pregnancy, polyneuritis of pregnancy, and a heterogeneous 
group of cerebral complications known as cerebropathia toxica 
gravidarum, we have found cases recorded where the brain showed 
changes very suggestive of Wernicke’s encephalopathy, though not 
recognised as such (Berkwitz and Lufkm, 1932 , Naujoks and 
XJffenorde, 1932 , Tillman, 1934) Wernicke’s encephalopathy has 
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either m location (restricted to the corpus striatum) or in histological 
appearance Our cases certainly lllustiate the frequency of gastro- 
intestinal disturbance in Wernicke’s encephalopathy (gastric 
carcinoma, gastric defect of pernicious anaemia, old gastro- 
enterostomy, lleo-csecal resection), but we did not find liver damage 
a striking feature , fatty change was frequently present but v as 
rarely severe We do not feel, therefore, that Neuburger’s emphasis 
on the endogenous toxin theory is justified although such a toxin 
may play a pait, it seems unlikely to be the major factor, especially 
as no such cerebropatluc toxin of endogenous oxigm has as yet 
been shown capable of reproducing lesions until a close resemblance 
to those of the human disease 

Anamna does not seem to be a factor of major importance as 
far as our cases are concerned , some of them showed a moderate 
degree of anaemia, but m no case was it severe, not even m the 
case of pernicious anaemia, and the encephalopathy has not to om 
knowledge been reported as a complication of really severe anaemias 

Vitamin deficiency was suggested as a possible factor m 
alcoholic Wernicke’s encephalopathy by Bender and Schilder but 
was not stressed Neuburger (1937-38) also discusses it, but, we 
feel, underrates it Impressive evidence can be adduced especially 
for deficiency of vitamin B x In chronic alcoholism one finds a 
frequent clinical-pathological triad in Korsalcow’s psychosis, poly- 
neuritis and Wernicke’s encephalopathy Within the last few 
years the belief has grown that the polyneuritis of alcoholism is 
analogous to that of ben-ben and is due to a B x deficiency , the 
work of Strauss (1935) and Jolliffe, Colbert and Joffe (1936) lias, 
we beheve, established this beyond doubt 

Strauss showed that tho polyneuritis can be rapidly improved by 
Bj therapy and that this improvement can bo produced despito the continued 
administration of largo amounts of alcohol , Jolliffe and lus co-worltcrs 
showed that the vitamin Bi intake of patients with alcoholic polyneuritis 
was consistently below the nccossary minimum (based on CowgiU’s formula), 
while that of a group of chronic alcoholics without nountis was abo\ o it 

Tins at once suggests that Bi deficiency may enter into the 
causation of the other members of the triad, Korsakow’s psychosis 
and Wermcke’s encephalopathy 

We find the same triad associated with pregnancy, especially 
(if not always) with hyperemesis (see page 256) And here again 
there is increasing evidence (Wechsler, 1933 , Strauss and McDonald, 
1933 ; Strauss, 1936) that deficiency of vitamins, particularly Bj, 
is responsible for the polyneuritis In favour of this Strauss cites 
the persistent vomiting with resulting poor food intake, the 
tendency to treat hyperemesis with a high carbohydrate diet 
which increases the demand for B x , the rise in metabohe rate 
during pregnancy which has the same effect, the gastric hypo- 
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the symptoms, and Sato believes (Takamatsu and Sato, 1934) that 
the pathological mechanism of the condition is a combination of 
avitaminosis B and some unidentified toxic factor Here again, 
theiefore, there is some evidence of the participation of avitamin- 
osis B m the production of Wernicke’s encephalopathy 

Experimental work gives further support to tlus view The 
more or less diffuse degenerative changes m the white matter of 
the cord and m the penpheial nerves which have been reported 
m experimental deficiency of vitamins A, Bj and B 2 by Mellanby, 
Zimmerman and his co-workers and others do not concern us 
here , these lesions are quite distmct from those of Wernicke’s 
encephalopathy Pnckett, however (1934), showed that rats on 
a diet deficient in B x — or at any rate m the lieat-labile part of 
the B complex — developed foci of congestion, lnemorrliage and 
parenchymatous degeneration with formation of compound granular 
corpuscles in pons, medulla and cerebellum He did not identify 
these with the human disease Alexander, Pijoan and Myerson 
(1938) have recently reported hsemorrliagic lesions m the basal 
gangha and brain stem of pigeons on a Bj-deficient diet which 
they state to be very similar to those of Wernicke’s encephalopathy 
in man These lesions weie not produced by diets deficient m 
B 2 , C or the fat-soluble vitamins 

This is not to say that in the human disease B x deficiency alone 
is responsible for the lesions , indeed this seems unlikely, since 
Wernicke’s encephalopathy does not seem to have been found m 
ben-ben, which is probably the most clear-cut B x avitaminosis in 
man Possibly a multiple deficiency is responsible possibly B x 
deficiency acts in conjunction •with an endogenous toxin such as 
Neuburger postulates Peters (1936) and his school have shown 
that in Bj-deficient pigeons there is disturbance of carbohydrate 
metabolism m the bram, especially m the lower parts of the bram, 
resulting m accumulation of lactate and appearance of pyruvate. 
Peters does not beheve that these carbohydrate metabolites are 
themselves toxic, but presuming that a similar process occurs m the 
Bj-deficient human bram, one may well postulate that the resulting 
abnormal metabolic conditions may predispose certain areas (i e 
corpora mamillana, etc ) to the action of a superadded toxin or the 
superadded deficiency of another vitamin 

It must be admitted that m a small heterogeneous group of 
cases of Wernicke's encephalopathy there is nothing to suggest 
either poor intake or poor absorption of vitamin B x or other vitamins 
Our cases 10, 11 and 12 fall into this gioup in cases 10 and 11 the 
apparent primary disease was infective — bronchiectasis m one and 
pyosalpinx m the other In case 12 the clinical and pathological 
diagnoses were never satisfactorily established , whooping cough 
was considered a possibility but was never confiimed Tins case 
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strain yielded a percentage incidence of skin cancer not lnglior than that 
m mice with a low mammary cancer incidence. Evidence of antagonism 
in the development of carcinoma in the two sites, skin and breast, was also 
obtained (1) There was a retardation m the onset of skin cancer m the 
females of the Mil strain as compared with tlio males, that is, at the 
30th week six out of twelve males had already developed tar cancer whereas 
none of 14 females had developed it, although four females had already 
developed breast cancer At the end of the experiment, 56 weeks after the 
beginning of tar painting, the total number of tar cancers was the same for 
both sexes (2) Of 14 Bill females shown m Cramer’s chart 2, six eventually 
developed mammary cancer, two of these developed no skin tumour but 
died early, two developed a tar wart, one of which was m existence for a 
verj* long time but failed to become malignant, and two developed tar 
carcinoma Of the eight females which did not develop mammary cancor, 
six developed tar cancer and tw o remained completely negative (3) There 
was some indication that the incidence of mammnry cancer was lower m 
tarred than in non-tarred females of this strain 

As these results did not at first sight appear to accord with 
those of our own earliei experiment it was decided to reinvestigate 
the question A further analysis of the experiment already recorded 
is made here and in addition the results of a new experiment are 
given 

Descnphon of the female mice of the white label (. Kreyberg ) strain. 

The htter received from Dr Kreyberg, to whom our grateful 
thanks are due, comprised eight females and tliree males and 
was called generation 1 By means of strict and unselected 
brother-sister matmg, seven filial generations have been obtained 
In experiment I, mice from generations 1-4 were used m 
experiment II, mice from generations 5-8 

It was soon noticed that a considerable number of the females 
developed spontaneous mammary cancer, including three of the 
original eight mice received from Dr Kreyberg In the first eight 
generations bred m this laboratory, 332 female mice attained the 
age of seven months — the time of appearance of the first mammaiy 
cancer This group comprised 147 mice which were not treated, 
162 which were painted with tar and 23 which received an intra- 
pentoneal injection of 1 2 5 6-dibenzanthracene Of these 
332 mice, 90 developed cancer of the breast, an incidence of 
27*1 per cent This approximates very closely to the mcidence 
of this type of cancer m this stram m Norway (Kreyberg, 1935), 
where of 475 females 122 developed breast cancer, an mcidence 
of 25 7 per cent But Kreyberg reported a marked segregation 
in two lines, one line giving a very high mcidence of spontaneous 
breast cancer, the other line developmg no breast cancer at all 
This has not been observed in the eight generations m this Iaboratoiy , 
the tumours appearing to develop at random and no line being 
entirely free 
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Development of skin cancer and breast cancer in tarred mice 

Experiment I Details of technique are given m a previous 
paper (Bonser, 1938). Briefly, an ether extract of a highly 
carcinogenic tar was applied once weekly to the skin of the back 
between the shoulder blades for 29 weeks Observations were 
made of the appearance of tar warts, mahgnant change in these 
warts as estimated by palpation and subsequent histological 
examination and breast cancer No attempt was made to excise 
the tumours as the experiment was designed to show differences in 
tar response between this and other strams At the end of the 
29th week of tarring all the living animals were killed and a 
histological examination was made of the skin with its tumours 



Chart 1 — Experiment I Dei elopment of warts and malignant tumours of skin 
m tarred animals (1) percentage of warts m sun ivors , (2) percentage of 
malignant tumours in sun ivors with warts 


and of the breast cancers as well as of tissues from mice which 
died before this date 

The total number of annuals ahve at the end of the 13th week 
of tarring, that is the date at which the first wart appeared, was 
160 These will be considered m three groups — 30 females which 
developed mammary carcmoma, 55 females which were free from 
mammary carcmoma and 75 males The mortality m the first 
group was considerable, 12 mice dying between the 13th and 
28th week of tamng with breast cancer but without warts , m 
the other two groups it was negligible Allowance is made for 
deaths occurring during the period of the experiment by reckoning 
^ art and tar cancer incidence m relation to survivors Chart 1 
t the development of warts m the survivors of all groups 
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that the question was worthy of further investigation and therefore 
another experiment was undertaken, in which the conditions of 
the treated and untreated groups were very carefully controlled 
Experiment II White label mice were bred by brother-sister 
mating and the females of each litter were divided into two groups, 
each of which was kept undei identical conditions All were 
virgins One group of 69 mice received no treatment and was 
observed until death ; m the other group (73 mice) tarrmg was 
commenced at 12 weeks of age and continued weekly for 24 weeks 
The mice were then observed No attempt was made to excise 
either the breast tumours or the tar tumours, as it was thought 
advisable to allow any antagomstic action of the one for the other 
to be present for as long as possible 

One mouse m each group died before the age of seven months 
and was discarded Of the 72 tarred mice, only seven developed 
breast cancer A comparison, therefore, of the effect of the 
presence of a breast cancer upon the development of warts and 
tar cancer is of less value than m expt I, as the number of mice 
with breast cancers is much smaller From chart 2 it is seen 



Chart 2 — -Experiment U Development of warts and malignant tumours of skin 
m tarred animals without breast cancer (1) percentage of warts m survnors , 
(2) percentage of malignant tumours in survivors with warts 


that wart development in . the 65 mice without breast cancer 
proceeded in the same way as in expt 1 , 50 per cent of survivors 
•arts at 20$ weeks compared with 22$ weeks in expt I 
-nine weeks after the commencement of tarrmg 92 4 per 
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Table IV 


Experiment II Interval between wart appearance and the 
development of malignancy 


* 

Number of mice 

Intenal between appearance of wart and 
development of mallgnancj (weeks) 


As erage 

Bangc 

Females with mammary 
carcinoma 

5 

8 G 

2-20 

Females -without mam- 
mary carcinoma 

62 

8 2 

3-22 


Table V 

Experiment II Development of breast cancer 




Calendar months 


Survivors 

No developing breast 
tumours 


Survit ors 

No developing breast 
tumours 

Percentage incidence of 
breast tumours in sur- 


■SB 


Calendar months 

19 


I Survivors 

0 

Tarred 

No developing breast 

tumours 

0 


Survivors 

36 

Control 

No developmg breast 

tumours 

0 


Percentage incidence of 
breast tumours in sur- 

8 3 


vivors 



13 

14 

15 

6 

5 

5 

2 

1 

0 

60 

37 

| 52 

4 

7 

1 

6 7 

12 3 

1 9 




36 31 21 16 
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It is interesting to compare these results with those of ICreyberg 
who used the same strain of mice, developed from a single female 
Of 475 females m the whole strain, 122 developed breast cancer 
It has already been pointed out that this incidence is very near 
to that obtained in this laboratory When the tar cancer incidence 
m the breast cancer and non-breast cancer groups was compared, 
the individuals with breast cancer shoved a considerably later 
appearance and a lower incidence of tar cancer In this they 
resembled the males of the strain The method of calculation 
eliminated the effect of age Males of a line in which many of 
the females developed breast cancer shoved an even greater lag 
m the development of skin cancer As pomted out by Cramer, 
females of this line were especially resistant to tar cancer, with 
the result that only two females bore both types of tumour In 
the whole stram, however, at the fifteenth month, 15 out of 
26 females with breast cancer had also tar cancer No explanation 
of the difference between Krey berg’s results and those of the 
experiments reported here can be offered While the larger 
numbers in his experiment make lus results more valuable, it is 
possible that the segregation mto lines so heavily affected by and 
so completely free from breast cancer accentuated differences m the 
skin response to tar which would not be seen m mice from that 
part of the stram where the breast cancers are distributed at 
random 

Pybus and Miller (1938) reported that, in a line of mice derived 
from the Simpson stram and especially liable to develop bone 
sarcomas, multiple spontaneous neoplasms (some benign) were 
frequent, but that the mcidence of mammary cancer was less 
than in the parent stram No explanation of this reduction 
was offered and it is obvious that many factors other than an 
antagonism between bone sarcoma and mammary cancer may 
be mvolved 

The question of the co-existence of two or more independent 
malignant neoplasms m man is a subject which has received 
increasing attention m recent years Up to the time of Murray’s 
Linacre lecture (1927) it was generally agreed that the presence 
of one malignant tumour exerted an inhibitory effect upon the 
appearance of subsequent cancers Murray himself showed that 
the removal of a tar cancer from one area of the skin of the mouse 
or of a breast cancer resulted m an indifference of the rest of the 
skin to tar painting In 1930, Orr investigated the frequency of 
occurrence of multiple malignant neoplasms post mortem at 
St Mary’s Hospital and brought evidence to show (p 289) “ that 
there is no aetiological relationship between such tumours, and 
that they occur purely as the result of coincidence ” Warren and 
Gates (1932) collected and sifted a large senes of cases of multiple 
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malignancy in these warts delayed Males showed no difference 
in wart development but their warts took longer to become 
malignant The number of animals m this experiment was 
sufficiently large to -warrant such a conclusion. 

In expt II, although -wart development appeared to he delayed 
by the presence of a breast cancer, the interval between wart 
development and malignancy was not increased. The number of 
mice developmg breast cancer was very small. 

In expt II there was no evidence that the presence of a tar 
cancer either increased or diminished the incidence of breast cancer. 
Although the conditions of the two groups of mice were very 
carefully controlled, the experiment failed owing to the fact that 
breast cancer was late in developing in both groups 

These results differ from those of other workers and especially 
from those of Kreyberg, who worked with mice of the same strain 
The difficulties of interpreting the results when small groups of 
mice are used are discussed 

Some facts about the development of breast cancer in females 
of the white label stram are given 

It was found that the evidence from the examination of multiple 
malignant neoplasms m man did not support the view that there 
is an antagomsm between the development of malignancy in two 
different organs 

We desire to express our gratitude to Dr M Young for lus invaluablo 
and generous help in the statistical analyses of these experiments We also 
thank Mr Charles Claiko for his unremitting caro of the animals 
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Two membranes with confluent lesions vero finely giound with quartz 
powder and emulsified m 10 c c of nutrient broth. The material was 
centrifuged for 10 minutes in a small centrifuge (3000 rpm) and the 
supernatant icmo\ed foi stock virus Tins was kept in tho refrigerator 
(4° C ) and dilutions prepared in saline containing 10 per cent normal liorso 
serum and chilled in an ice bath. Counts obtained from this suspension 
under various conditions are shown in table I 


Table I 

Pock counts obtained from a stock suspension of herpes virus. 


Date 

Dilution 

Tock count* from 0 05 c c 

18 7 3S 

1 1000 

35, 36, 47, 4S 


1 10,000 

2, 4, 4, X 

20 7 38 

1 2000 

C, 8, 10, 12, 12, 13, 14, 1C, 18, 18, 20, 
21, 21, 23, 27, 29, X, X 

21 7 38* 

1 2000 

(0, 2), 23, 23, 24, 23 

21 7 38 

1 2000 

20, 22 


* Tlio'snmc dilution as used on 20 ? 33 retested after 24 hours In the refrigerator 
X=counts impossible owing to secondary foci 


If half values are taken from the results with 1 1000 virus 
the over-all average for 1 2000 dilution is 18 7. The distribution 
of counts shows a skew' deviation and the median value is 20 In 
all large series of counts a few very small values are obtained on 
cedematous or otherwise unsatisfactory membranes, and it is our 
practice m calculating average values to exclude any counts which 
are lower than 20 per cent of the mean of other counts with the 
same material Only two such counts, bracketed in the table, are 
excluded from this series The standard deviation is 5 8, giving 
a coefficient of variation of 31 per cent. With four eggs to each 
mixture a difference of 50 per cent, between two experimental 
results is therefore probably significant, and we have used this as 
the minimum difference to which significance can be ascribed in 
the present experiments 

The time required for herpes virus to make effective contact 
with susceptible chono-allantoic cells 

In interpreting the kinetics of virus neutrahsation reactions it is 
necessary to have some idea of the time which must elapse between 
placing the virus on the chono-allantois and the initiation of a 
lesion In practice what has to be determined is the tune which 
must elapse before the appearance of a focal lesion fails to be 
prevented by the addition of a large excess of immune serum A 
senes of eggs is inoculated with a small (0 02 c c ) volume of dilute 
virus, and at intervals larger volumes (0 05 c c ) of immune serum 
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being used for each mixture in. all the reported experiments / Membranes 
were removed and foci counted after 44-48 hours’ incubation at 35° C. 

It soon became apparent that time of contact between virus 
and serum played a much more significant part in determining 
the results than was the case with most of the viruses with which 
we have previously worked With serum undiluted or diluted 
1 2 very little change with time was evident, but a fall was easily 
demonstrable with higher dilutions Pig. I shows the time 



Fig 1 — Gourse of inactivation of herpes virus H F by homologous rabbit immune sera 

The percentage of foci produced is shown on a logarithmic scale against the 
time elapsing between making the serum-virus mixtures and inoculating them on 
to the chorio-allantois 

Ovals represent average pock counts (as percentage of control) at the time 
shown, the vertical diameter giving approximately the standard deviation of counts 
Dotted horizontal lines to the right represent the theoretical equilibrium lei® 18 
equivalent to the three serum concentrations used The pomt from which the 
curves diverge is arbitrarily placed three hours before the actual time of mixing to 
allow for the period elapsing after inoculation before foci are initiated 

S/2, S/10 and S/100 = serum diluted 1 2, 1 10 and 1 100 
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correct an equilibrium mixture of strong reagents should, when 
diluted 1.10 and allowed time to icacli a fresh equilibrium, gne 
pock counts i\ ith the same average value as that obtained from 
the undiluted matenal. It will be seen from table III that the 
2-liour counts of S/2-fV and S/20+V/J0 me substantially identical, 
as are also the counts from the immediate test of the 1 : 10 dilution 
of S/2-J-V made at 2 bom-. (3) The counts fiom the 1 ; 10 dilution 
subsequently fall to about half this value. The result when a 
dilution is made fiom nnxtuies which have been 24 hours m 
contact (4) is quite different The immediate counts are only 
about one-tenth of the equilibrium value, but 2 hours later thej 
ave reached the same level as the 24-hour counts of the original 
mixture Finally there is a shnrp fall We have no explanation 


Taiilv III 


Course of set uni’i inis reaction as shoun by dilution experiment ? 


I 

— ■ 

J'oclv count's obtained nt the times shown 


, Imincdtatcli 

2 hours 

hqeh 

Primary mixtures 

1 S/2 + V 

2 S/20+V/10 

\ 

'll 13. 20, 20, 22, 

! 27, (0 031) 

42, 44, 30 58, 00, 
02, (0 88) 

13, 10, 21, 23. 

30,30, (0 041) 
15, 20, 21, 20, 
(0 33) 

2, 3, 0, 7, 8, 
15, (0 012) 

3, 11,13,14 14, 
13, (0 2) 

1 10 dilutions of 1 

3 Made at 2 hours 

4 Mode at 24 hours 

_ 

12 15, 22, 23, 23 
30, (0 33) 

(0), 2, 2, 2, 2, 3, 
(0 037) 

4, 5, 0, 7, 14, 27, 
(0 175) 

1, 5, 0, 9, 10, 12, 
(0 12) 

4, 3. S, 11, 14. 
10, (0 16) 

0 0, 0, 1, 1, 2 


S/2 nncl S/20 == serum diluted 1 2 and 1 20 
= ' irus undiluted 
V/10 = wrus diluted 1 10 
Bracketed figures = percentage of survn ors 


° ? ^ a P resen ^ f° r the rather shaip subsequent falls observed 
tli t° + o S ? S ^ u ^ lons > but the early behaviour would indicate 
a a ours a condition of equihbnum has been reached winch 
can very rapidly attain a fresh equihbnum on dilution When 
prunaiy contact is increased to 24 hours the state of the system 
Ji, d * n ® uch a that a new equilibnum takes a good 
in ti l0 r ger i t0 be reached af ter dilution Tins may be expressed 
i, f. . ar f° rin that antigen-antibody union becomes firmer 
e apse of time, but it is not easy to interpret in terms of the 
° 1 reversible system such as has been established 

e ear y t least of the virus-antibody reaction m general 

mexpe where there is practically no change in the 

trom stro teg between 2 and 24 hours, dilutions made 
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was obtained by comeal inoculation in the rabbit and adapted 
to egg passage without muoli difficulty. The titre of this virus 



Fig 2 — Course of inactivation of virus H F by human immune serum " Tr ” 
Data from two experiments (solid and broken lines) are combined, points shown 
being percentage values deduced from the average of pock counts General 
arrangement as m fig 1 

was, however, considerably lower (one-tenth to one-hundredth) 
than that of H F egg virus The serum was tested against both 
HF and the homologous virus Tr Fig 2 combines the data 
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Discussion. 

For reasons which have been discussed elsewheie (Burnet, 1936) 
the chorio-allantois of the developing egg is the most suitable 
tissue for the titration of those viruses which are capable of 
producing satisfactory lesions thereon, and its use has allowed a 
closei study of the details of virus-serum reactions than would be 
practicable by any other current method The H F strain of 
lieipes, with which most of the present work has been carried out, 
has been the most satisfactory virus to titrate on the chorio- 
allantois that we have yet encountered The lesions are easily 
visible but not too large and are raiely obscured by the development 
of secondary foci 

As a preliminary to fuitlier w ork on the nature of immunity 
to herpes virus in man and experimental animals it was necessary 
to determine the most suitable technique for titrating the mrus- 
mactivatmg antibody of immune sera At the same time an 
attempt has been made to deteimme whether the antibody-virus 
reaction conforms to the type found with similar reactions involving 
other viruses A recent monograph from this laboratory (Burnet, 
Keogh and Lusli) has been devoted to an interpretation of these 
reactions, the data used being derived m part from the large amount 
of work by others in winch orthodox animal inoculation methods 
have been used, but predominantly from our own studies with the 
chono-allantoie technique The conclusions leached were in 
general accord with those of earlier workers in the field, the greater 
accuracy and convenience of the chorio-allantoic technique merely 
allowing a more detailed elucidation of relatively minor points 
Virus inactivation by immune serum lesults primarily from union 
of antibody to the virus surface This union is, lion ever, a fully 
reversible one which progresses and reaches an equilibrium level 
determined by ordinary chemical considerations The observed 
inactivation cannot therefore be a simple killin g of virus by antibody 
but is the result of an interaction between the susceptible cells 
used for titration and the antibody-coated virus particles The 
only controversy likely to anse in regard to such a general statement 
is as to whether a real virus-antibody union occurs in vitro or 
whether the whole inactivation must be regarded as a threefold 
interaction of virus, antibody and susceptible cell, no union between 
virus and antibody occurring in vitro ( cf Sabin, 1935) In the 
monograph referred to, evidence that virus-antibody mixtures 
showed different degrees of mfectmty according to the time they 
had been m contact was brought forward as proving that union 
m vitro did occur. 

Attempts to demonstrate such influence of time of contact are 
complicated by the fact that after inoculation of mixtures in or on 
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4 After inoculation of virus on to the chono-allantois a period 
of 2-4 hours must elapse before an excess of immune serum will 
fail to prevent the initiation of a specific focus 

5 The inactivation of herpes virus by immune rabbit and 
human sera has been studied quantitatively by the chono-allantoic 
technique 

(a) When sufficient time is allowed, an equilibrium level is 

reached at which the product concentration of immune 
serum x percentage of survivors is constant 

(b) The time necessary to reach this level is inversely related 

to the concentration of immune serum 

(c) For some time after the equihbnum level is reached, 

dilution experiments show that the union is freely 
reversible 

(d) With strong virus-serum mixtures a subsequent develop- 

ment of partial irreversibility may occur. 

6 The inactivation of herpes virus by natural human immune 
serum progresses at a slower rate than with rabbit immune sera 
of the same final titre 
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then neutralised with dilute HC1 The effect of this treatment is to liberate 
the kallikrein fiom the inactivator to which it is bound in the serum. 

Five samples of serum from healthy adult individuals were omploj ed and 
10 c c of each were treated as described The solution obtained was again 
precipitated with six volumes of acetone, washed with acotono and ether 
and dried at room temperature Tho next day the five samples of powder 
were each extracted with See of 0 0 per cont NaCl and dilutions of 1 2 
and m two cases of 1 10 wore made These solutions and a control solution 
of 0 9 per cent NaCl were tested for spreading activity in rabbits 

Bach solution was mixed with an equal amount of an indicator, either 
trypan blue (1 per cont ) or diphtheria toxin (1 • 1000) m09 per cent XaCl, 
and 0 25 c c of each mixture was injected mtradcrmally, a single iow of 
three or four injections being placed on either side of tho \ ortebrnl column 
Tho backs of the rabbits had been shaved 24 hours previously and showed 
no signs of irritation at the time of tho test The areas of blue discolouration 
oi of inflammation were measured 48 hours later by cutting out pieces of 
paper of exactly tho samo size and measuring these with a plammeter, tho 
results being expressed as sq cm 


Results. 

It is seen m the table that a moderate spreading activity is 
exhibited by extracts obtained from serum treated m the manner 
described 

In view of the statement of Duran-Reynals (1936) that some 
commercial peptones possess moderate spreading activity, it is 
possible that such unspecific factors might be responsible for the 
results obtained On the other hand the same author points out 
that it is possible that peptones owe their activity to contamination 
with factors from tissue This suggestion is supported by the 
fact that padutm, which is made from urine and has its origin m 
the blood, is a spreading factor ranking with acetone-precipitated 
and dialysed testis factor 

If kallikrem is the only spreading factor in serum, one 
would not expect a greater effect than was obtained m these 
experiments, for its concentration m serum is relatively Ion 
Serum contains 1-2 kallikrem units (K E ) per c c and only by 
complicated methods can it all be liberated Accordingly the 
highest possible content of active kallikrein in 0 25 c e of the 
mixture of undiluted extract with indicator would be 0 50 KB 
By titrations to the end-pomt, I have determined that padutm 
solutions of similar KE content exhibit a similar or somewhat 
more marked spreading activity It must be borne m mind that 
the serum preparations used in these experiments were very impure, 
so that adsorption might have played a role in diminishing the 
spreading 

Titrations of the spreading activity of padutm with diphtheria 
toxin as indicator showed a distinct effect in dilutions of 1 1000 
of an original standard solution containing 30 mg per cc In 
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although the final areas obtained with solutions of the same 
concentration of testis extract, purified by acetone precipitation 
and dialysis, and of padutm are of equal size. No difference between 
the two factors could be discovered in titrations to the end-pomt 

Another circumstance to be mentioned is the strong oedema' 
producing activity of padutin solutions of sufficient concentration 
(10 mg or more per c.c ). In this respect also padutm resembles 
purified testis extract. 

Kalhkrem can be prepared in a somewhat purer form than that 
present m padutin, but such preparations are very unstable It 
has not been possible to obtain such a preparation or one from 
pancreas and it is hoped that workers dealing with spreading 
factors if they have the opportunity to examine highly punfied 
kalhkrem will investigate its spreading activity. 

Summary 

1 When serum is treated by a method suitable for the recovery 
of kalhkrem the product obtained produces a spreading effect on 
the diffusion of trypan blue and diphtheria toxin m the skin of the 
rabbit 

2 The effect is quantitatively comparable to what is produced 
by kalhkrein in the concentration present m serum. 

3 Kalhkrem does not appear to be identical with the spreading 
factor obtained from the testis 
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to rabbit cells Tho jS stapliylolysin according to Bigger, Boland and 
O’Meara (1927), Glenny and Stovens (1935), and Bryce and Bountree (1936) 
is characterised by tho hot-cold lysis of sheep colls and has no antigenic 
relationship to tho a toxin Tho a x and a a toxins of Morgan and Graydon 
(1936) have not been sufficiently studied Thcreforo tho discussion m this 
paper centres around tho classical a stapliylolifomolysin and its relation to 
the lethal and dermonecrotic manifestations of this staphylotoxin 

Neutralisation of toxic effects by standard serum 

The first series of experiments was carried out with toxin A, 
which was prepared about 3 years ago from strain C 24. In dry 
form its assaj r gave the following results. 

Lh, the amount of toxin winch when added to 1 unit of U S 
standard antitoxin produces 50 per cent hremolysis of 1 c c. of 
1 per cent rabbit cells, = 0 001923 g of the dry toxin. 

HU, the amount winch alone produces 50 per cent haemolysis 
of 1 c c of 1 per cent of rabbit cells, = (average of 100 determina- 
tions) 0 0000025 g. 

Lr, the amount winch when added to 1 unit of standard antitoxin 
will produce discernible skin necrosis in 50 per cent of guinea-pigs 
injected mtradermally, = (average of numerous tests) 0 002375 g 

RU, the amount which alone will produce visible dermonecrosis 
in 50 per cent of guinea-pigs injected mtradermally, — (average 
of numerous tests) 0 00045 g 

L + , the amount which when added to 1 unit of U S. standard 
antitoxin will cause the death of approximately 50 per cent of 
white mice injected intraperitoneally, = (average of numerous 
tests) 0 002575 g. 

U + , the amount which alone will cause death m 50 per cent 
of white mice injected intraperitoneally, = (average of numerous 
tests) 0 000655 g 

By subtracting the values of HU, RU and U + respectively from 
the values of Lh, Lr and L + the same value of 0 00192 g is obtained 
This indicates that 1 unit of U S standard staphylococcus antitoxin 
exactly neutralises the hiemolytic, dermonecrotic and lethal 
properties of 0 00192 g of dry staphylotoxm It is therefore 
tentatively concluded that lysis of the red blood cells of the rabbit, 
necrosis of the skin of the guinea-pig and acute death of white 
mice axe caused by the same toxic constituent of the staphylococcal 
filtrate 

Titrations of various concentrated commercial antitoxins 

If this conclusion is correct, the titration values obtained for 
a large number of concentrated antitoxins prepared from a great 
variety of toxoids should be the same for the lethal and dermo- 
necrotic titrations as for the haemolytic Experimentation suggests 
that the discrepancies reported by many previous authors were 
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In preliminary experiments it was found that the presence of 
haemoglobin did not interfere with absorption nor with the 
quantitative estimation of the various activities of the toxin after 
treatment with red blood cells In the following experiments 
intact rabbit red blood cells were used as the absorbing agent 

Dilutions of toxin A voic prepared in such a way that 0 2 c c , as used 
in tho dermonocrolic sonos, or 0 C c c , ns used in tho lethal senes, contained 
tho doses of toxin indicated m column 2 (toxin doso) in table II. Theso were 
subjooled to no treatment and v*oro placed in tho cold room ns controls 
Another sot of dilutions w'ns propared in such a way that 0 1 c c. in tho 
dermonocrolic senes and 0 25 c c m tho lethal sonos contained tho same 
doses of toxin To theso dilutions wore added equal volumes of highly 
concentrated suspensions of rabbit red blood colls. For technical reasons it 
was found necessary to use different concentrations of colls for each series 
Tho treated toxin dilutions w ero thon placed m tho incubator for one hour 
and in tho cold room ovormght Tho undissolvcd colls wore found to lun o 
settled dowTi woll to the bottom of tho tubes For fmthcr separation of tho 
supernatant fluid, tho tubes wero eontnfugod and tho clear fluid drawn off 
by means of flno pipettes From oach toxin dilution of tho dormonccrotic 
series 0 2 c e was injected lntradormally into each of 10 gumoa-pigs and 
from each dilution of tho lothnl sories 0 5 c e was injected mtrapontoncally 
into each of 10 mice Tho results are recorded in table II 

Table II 


Effect of abaoiphon with rabbit cells on the dcrmonecrotic and lethal 
action of staphylotoxin 


Toxin 

dlluUon no • 

Toxin doso 
(8) 

No of positho dcrmonecrotic 
reactions 

No of mice killed 1 >j Injection 
of toxin 

Before 

treatment 

Allcr 

treatment 

Before 

treatment 

■m 

lr-l+ 

0 00020 

0 

0 


0 

2r-2 + 

0 00025 

0 

0 


0 

3r-3+ 

0 00030 

0 

0 


0 

4r-4+ 

0 00035 

1 

0 


0 

5r5+ 

0 00040 

3 

1 


0 

0r-fl+ 

0 00045 

B 

1 


1 

7r-7+ 

0 00050 

0 

3 


0 

8r 8 + 

0 00055 

10 

6 

3 

0 

KLH 

0 OOOCO 



4 

1 

H u9 

0 00005 

10 

10 

S 

1 

llr -14 

0 00070 



10 

3 

12r-12+ 

0 00080 



0 

5 

13r 13+ 

0 00000 



10 

10 

14r-14+ 

0 00100 



0 

10 

15 






16r-lG+ 

0 00125 



10 

10 


• lr, 2r etc refer to dilutions of Uio dermoneorotlo series, 1 + , 2 + etc to tlioso of tlio lethal series 


It is seen from tlus table that, before treatment, 0*2 o.c of 
toxin dilution 6r, containing 0 00045 g of dry toxm, represented 
the Lr dose, and 0*5 o.c. of dilution 10 + , containing 0*00065 g of 
dry toxin, represented the L + dose This is in accordance with 
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50 per cent of the mice injected From the lethal senes of table II 
it is seen that pnor to treatment this end-pomt was given by solution 
9 + Referring to table III, it is found by calculation that one 
dose, or 0 5 c c , contained 260 HU. Again, from table II it is 
seen that, after treatment, the end-pomt was given by solution 12 + 
Referring to table III, it is found by calculation that each dose 
(0 5 c c ) contained 350 HU before treatment and 250 HU after 
The same was found to be true when similar series of titrations were 
carried out with the sets used m the dermonecrotic experiments 
Analysis of other data presented m tables II and HI showed not 
only that there was a reduction in the dermonecrotic and lethal 
intensities of the staphylotoxin following its treatment with rabbit 
red blood cells, but that this reduction is proportional to the 
reduction m hsemolytic activity All follow the same quantitative 
law which is derived by plotting the logarithmic values (fig ) of 



Absorption of hEemolysin from staphylotoxin with rabbit blood cells 
X = toxm remaining, Y = toxin removed, 

O = observed, X = calculated 


X and Y (observed) recorded in table III A sloping straight hue 
is obtained which can be interpreted as described elsewhere 
(Levine, 19386) It will then be found that the quantitative 
relationships of the toxm consumed to the toxm remaining m solution 
can be expressed by the following mathematical generalisation 
Log Y = Log 2 2+0 7 Log X, or 
Y = 2*2 X 07 , 

where Y = the number of hsemolytic units of toxm consumed m 
the process of treatment, X = the number of hsemolytic units 
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hard and not tender, and it extended below tlio umbilicus , tlio liver extonded 
2 ms below tlio right costal margin and felt soft Thoro wore no enlarged 
lymph glands The heart was slightly enlarged to tlio loft Both lungs 
showed signs suggesting basal compicssion Notlnng unusual was found 
m the central nervous system or unno Blood count • — red colls 3,030,000 
per c mm , haemoglobin 45 por cent , colour index 0 75 , wluto colls 
34,600 per c mm (polymorplionucloars 43 5, lymphocytes 12 5, mono- 
cytes 4, eosinophils 1, metamyelocytes 9, myelocytes 28, myeloblasts 1 5 
per cent ) , reticulocytes 4 8 per cont , plntolots 149,000 per c mm Tlio 
nucleated red colls wore 79,000 por c mm and the vanoties present were 
normoblasts A (primitive) 0 6, normoblasts B (polychromatic) 16, normo- 
blasts C (orthochromatic) 65, mogaloblasts B (Ehrlich typo) 25, mogaloblasts C 
(pyknotic) 4 5 por cent Tlio Prieo-Jones curve showed a moan red cell 
chamotor of 6 16 p, coefficient of variability 11 por cont , microcytosis 38 per 
cont , megalocytosis ml 

Sternal marrow biopsy was performed by tlio puncture method and tlio 
smears showed tho following percentages of colls 


Polymorplionuclcars 

15 4 

Normoblasts 

52 4 

Eosinophils 

Nil 

Typo A 

3 2 

Basophils 

0 4 

. B 

12 0 

Metamyelocvtes 

3 4 

c 

37 2 

Myelocytes 

7 4 



Myeloblasts 

1 4 

Mogaloblasts 

14 2 

Monocytes 

1 8 

Tvpo B 

90 

Lymphocytes 

3 4 

„ c 

5 2 

Plasma cells 

0 2 




Illustrations of the cells in tho blood and marrow are gi\ on in figs 1-4 

Fractional gastric analysis showed hypochlorhydna , the Wassermann 
reaction was negative , there were 2 units of bilirubin in the scrum 

Radiographic examination of the skull and long bones revealed no 
abnormalities apart from some porositj of the tibue and fibulas , there was 
no evidenco of myelomatosis 

The cluneal findings and the blood picture had suggested that tho patient 
might he suffering from a chrome myoloid leukromia with unusunlly large 
numbers of nucleated red cells in the blood But tho stomal marrow result 
decisively negatived this suggestion, since m leukaemia the characteristic 
change in tho marrow — whatever the peripheral blood may show — is a great 
preponderance of leucocytes, whereas this patient had twice as many red 
cell as white coll typos The diagnosis seemod to he between a disturbance 
of red-cell-formmg tissue allied to the leukaemias or a leuco-erythroblastic 
anaemia 

Various forms of therapy were attempted, as shown in tho last column 
of the table, but none seemed to influence clearly the course of the disease , 
even a blood transfusion had little effect The anaemia pursued a fluctuating 
course for 4 months , the numbers of white and nucleated red colls also 
fluctuated, but the latter were always much more numerous than tho former 
The types of nucleated red cells present did not vary, nor did their relative 
proportions vary very greatly 

On 28th February 1938 the patient was sent to the Infirmary s 
convalescent hospital where she remained for a month, and then, since she 
had been 4 months in hospital, she was allowed to go home After 3 1st March 
she failed to attend the department’s clinic and her death was reported by 
her doctor shortly afterwards Permission for an autopsy could not be 
obtamed 
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Discussion. 

The pathological condition affecting tins patient was unusual 
and the possibilities worth consideration are as follows. 

1. Leuco-erythroblastic anosmia This type of anosmia occurs 
most commonly as a result of malignancy or sclerosis m the bone- 
marrow The characteristic features have been described by 
several 'writers and according to Vaughan are . ansemia not severe, 
leucocytosis not marked, immature red cells including Ehrlich’s 
megaloblasts constantly present together with a few immature 
leucocytes The patient described here showed quite a different 
picture apart from the presence of Ehrlich’s megaloblasts Allen 
and Childs (1936) have described a rather similar case, but much 
less severe and having only a mild ansemia ; they suggested that 
it might be an adult variety of Cooley’s leuco-erythroblastic ansemia 
although they admitted that the characteristic radiographic changes 
m the bones were absent. 

2 Erythroblastic disease of adults In this S 3 Tidrome, described 
by Emile-Weil and Perles (1938), the patient has enlargement of 
the spleen and liver and immature red cells appear m the peripheral 
blood The spleen and hver contam large numbers of erythroblasts 
(normoblasts) The sternal marrow, on the other hand, is hypo- 
plastic This alone excludes the patient under discussion from this 
group, and there are other differences, eg the patients with 
erythroblastic disease were not so severely anaemic and the normo- 
blasts in the blood were never more than 12 per cent of the 
leucocytes 

3 Polycythceima vera This disease has been known to end m 
an anaemic stage, but it is a surprising fact, as shown by Vogel, 
Erf, and Rosenthal (1937), that proliferation of normoblasts in the 
marrow is not found, and megaloblasts have so far not been seen 
at all 

4. A leuhcemia-liJce condition It is possible that the pathological 
condition in this patient was a proliferative state of the immature 
red cells standing in the same relation to the red cell series as 
leukaemias do to the white cell series Di Gughelmo (1928, 1935, 
1938) has described under the name of “ acute erythraemia » 
group of patients clinically resembling acute leukaemia but, instead 
of primitive leucocytes, large numbers of immature red cells appear 
m the blood and infiltrate the spleen, hver and other organs As 
many as 143,000 imm ature red cells per c mm have been recorded 
m adult patients , there is a leucocytosis — up to 30,000 per cjnm 
— but the differential count remains normal The cells are of the 
normoblast senes and there are also very primitive erythroblasts 
Di Gughelmo’s (1928) illustrations do not show any megaloblasts, 
but Penati (1937) has recorded a case in which many megaloblasts 
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also isolated by Hall and considered to be a species of Glaucoma but different 
from the foregomg, and (4) C S , isolated by Elliott (1933) and considered 
to be Colpidium striatum 

The determination of tho species of these cihates is so difficult that the 
-writer proposes to make no attempt to do so along taxonomic hnes It 
will suffice for the moment that the strains all belong to the Glaucoma- 
Colpidium group and the reader is referred to the work of Chatton (1939) 
for further details The serological evidence to be adduced m the sequel 
goes to show that the strains G1 R and C S are so exactly similar in their 
reactions as to be considered examples of the same “ species ” and certainly 
as belonging to the same serological variety The three other strains used 
are serologically distinct from each other and from G1 R and C S 

The method of culture is extremely simple and the organisms grow very 
well in Erlenmeyer flasks of any size from 50 c c upwards The best 
medium proved to be Difco proteose peptone 1 per cent in glass-distilled 
water with the addition of 0 6 per cent NaCl 

Preparation of the sera 

This presented no difficulties Tho living organisms weie centrifuged 
down once, great care being taken not to let them be packed into masses 
at the bottom of the centrifuge tube They wore resuspended in 0 5 por cent 
NaCl and immediately injected into the ear vein of the rabbit Between 
16 and (about) 33 million living cihates were injected m 4 or 5 doses and 
the animal was bled 5 days after the last dose The glaucomas do not 
tolerate the action of the centrifuge very well and care had to be taken to 
damage them as httle as possible before they wore injected 

Technique of the test used. 

It is important in work of this kind to find out what is the most appropriate 
form of test to use Titrations could be earned out very well in small tubes 
containing descending concentrations of serum diluted with 0 5 per cent 
NaCl to which glaucoma suspensions were then added The tubes wero 
left at room temperature in the dark or woll shaded from direct dayhght 
and were read with a hand lens at intervals from 1 to 5 hours and again 
at about 22 hours This method gave satisfactory tests with living organisms, 
but the macroscopic observation suppressed a great deal of valuable 
information 

Parallel tests were therefore always set up by placmg 1 5 c c of the serum 
dilutions in descending senes in ordinary test tubes and after 1 5 c c of the 
glaucoma suspension had been added, tho tubes were immediately tipped 
out into numbered petn dishes li in m diameter These were placed m 
a glass container at room temperature shielded from the hght and were 
read under the low powers of the microscope (“ aa ” and" A ” Zeiss objectives) 
at suitable intervals In these experiments it was essential to centrifuge 
the sera, wluch should be sterile, immediately before making the dilutions 

Preparation of the test suspensions 

The preparation of the test suspensions proved to be of the greatest 
importance Owing to the relatively large and very variable size of the 
organisms it was found essential to have perfectly healthy and actively 
swimming organisms, which would remain m this state in all negative readings 
and in the saline controls without any deaths for at least 24 hours Glaucomas 
can be fixed by a method to be described later so as to preserve their shape 
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were here more clearly appreciated and it will be best to describe 
(1) a shght to moderate reaction with a not very potent serum, 
for example G1 R with its homologous serum, and (2) a severe 
reaction such as that seen in experiments with StL and the 
homologous serum no 71 

It should be remarked in general that agglutination is always 
best seen m tubes and may be less well marked in the plates 
containing the highest concentration of serum than m those with a 
somewhat lower concentration One must remember however that 
the sedimentation of immobilised or otherwise affected organisms 
was interpreted, not always justifiably, as agglutination and added to 
the apparent titre in the tubes 

1 Tests with strain Gl R. 

In the plates the actively swimming glaucomas (Gl R ) which 
had been m contact with the serum for 5-10 minutes showed m 
the concentrations 1 10-1 160 a rapid loss of motihty and a 
characteristic very shght shrinking of the outer pellicle They 
gradually agglutinated or lay smgly on the bottom of the glass 
An almost universal reaction was the early emission of a transparent 
exudate containing minute brightly refractile particles. With less 
potent sera the famtly motile organisms came together m oscillating 
clumps held together hghtly by the amorphous exudate, while the 
still slightly motile cilia showed beads of this substance upon their 
surface Rather stout strands of somewhat more refractile material 
were frequently seen at the posterior ends and these appeared to 
anchor the cihates to each other 

If the effect was more severe the immobilised glaucomas showed 
a thickening of the pellicle, either m the form of a uniform sheath 
or appearing as fragments of the same substance as the sheath, 
thus giving the organism a rough sticky appearance In the plates 
containing lower concentrations of serum the agglutination was 
well developed, with exudate and beads of material on the cilia, 
and the glaucomas were rarely completely immobile After 
5-6 hours there were usually some dead individuals m the clumps 
in the higher concentrations, the number varying with the potency 
of the serum, but there now also occurred a progressive recovery 
of the surviving organisms In spite of the sticky rough excrescences 
on the pellicle the cilia began to beat with sufficient force to produce 
some degree of swimming and the agglutination gradually dispersed, 
leaving the dead clumps and the masses of free but agglutmated 
exudate on the bottom 

The organisms are normally provided with a pellicle from 
which the ciha emerge as slender thread-like processes The serum 
clearly had a direct effect upon the alveolar layer immediately 
below the pellicle, m which he the tnchocysts, and possibly, though 
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Lwoff’s (1936) silver impregnation method, and counterstained with 
toluidme blue or thiomn These show ed all the exudate and sheath 
material stained pink m contrast to the blue staining of the 
protoplasm, suggesting that it might be of the nature of mucm, 
a supposition agreeing with Bresslau’s results to be discussed later 
They showed further that with heated serum there was no direct 
attack on the ciha The exudate had emerged and was visible 
as pink-staining globules and it seemed that the sheaths were 
continuous envelopes possibly of the same substance The 
comphcated subciliary structures 11111011 are so well revealed by 
the silver method and winch comprise the “ cmetome ” (1 c the 
basal granules of the cilia and their connecting strands) and the 


Table I 

Titration of heated immune sera uith homologous organisms 


Serum 

1 20 

1 40 1 SO 

1 ICO 

1 320 

1 040 

1 12S0 

1 2300 

Control 

(saline) 

Time 

(hours) 

Test sus- 
pension. 

Go 



1— 1 

i 

+ + *r( + )i TTT 


(+) 

L 

25 

Living 

GIB, 

3000 

(hung 

G1R) 



mil 





22 

test 11G 

+ + 

+ 

(+) 

(-) 



— 

— 

perc c 

6S 

(living 

G1R) 

+ + + + 

+ + + + 

++++ 

+++(+) 

+ + + 

+ + 

+ 

- 

23 

Living 

GIB, 

2500 

test 275 

+ + + 

+ + 

++ 

+ 

tr 

tr 

— 

— 

22 

percc 

71 

(living 
St !• ) 

T + + + 

+ + + + 

+ + -*•(+> 

+ + +(*r) 

+ T + 

++ 

+(+) 


2 5 

Living 
St L, 
2500 

test 152 

+ + + + 

+ + + + 

+ + + 

+++ 

+ +( + ) 


-U 


°2 



The readings are from the tube senes and gi\ o the macroscopic findings 


“ argyrome ” (t e the silver line system), were not cast off with 
the secreted sheath That the structures of the argyrome play 
some part m the secretion of the exudate and of the sheath appeared 
to be probable, but tins is an intricate matter requiring separate 
study 


S umm ary oi the eSects of heated immun e serum 

The direct effects of the contact of heated imm une sera with 
the homologous organisms can be s umm arised as due to a 
combination of the serum with the surface structures so as to 
cause (1) a greater or less degree of immobilisation, (2) the production 
of a sheath or envelope which may be cast off, (3) the pouring forth 
of an exudate, apparently from the alveolar layer below the cuticle, 
which passes out mto the surrounding medium and combines until 
the serum, (4) a temporary or permanent agglutination of the 
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with G1 R , while the titre of fresh rabbit seia was about 1 : 40 ; 
with St L. the titres were rather higher 

As the concentration of the serum diminished, the effect usually- 
terminated rather abruptly and the disappearing reaction was 
registered as the death and tysis of a small proportion of the 
individuals while the rest were unaffected , so that in those sera 
where the concentration was too low for lysis to take place, there 
was no other response such as the formation or discarding of sheaths, 
temporary agglutination or the exhibition of beaded cilia 


Table II 

Effect of absorption with Glaucoma at 0° C on action of normal 
guinea-pig serum 


Action upon suspension of Glaucoma 

Serum 

1 10 

1 20 

1 40 

1 so 

1 100 

Silinc 

control 

Test suspension 
and c\pt no 

Absorbed 
at 0° C 
with GI R 

+ + + ( + ) 
(nearly all 
dead and 
lysed) 

+ + -J- 
(manj 
dead and 
ljsed) 

+ + 
(about 1 
dead and 
lysed) 

_ 



G1R (204) 

Not 

absorbed 

+ + + + 
(all dead 
and lysed) 

+ + + + 

+ + + + 

+ + 
(about 
£ dead 
and 
lysed) 

tr 


G1R (266) 

. Action as complement m haemolytic system 

Scrum 

1 6 

1 10 

1 20 

1 40 

1 80 

Controls 

Absorbed 
as abo\ e 

+ + + + 
(complete) 

+ +(+) 

4- 

tr 


Saline, I B , and 
complement con- 
trols . no haemo- 
lysis 

Not 

absorbed 

+ + + + 
(complete) 

+ + +( + ) 

++(+) 

++ 

T 

f 

ft »» »* 


Bead at 5 hours from plates 


To get further information concerning the action of normal 
sera with intact complement, G1 R , killed by exposure to 70-75° C. 
for 45 seconds, was placed m contact with pooled guinea-pig serum 
overmght at 0° C The orgamsms were centrifuged off and the 
serum was used m tests of the usual land with living glaucomas, 
and as complement m a haemolytic test with sheep corpuscles and 
the appropriate immune serum The absorbed serum was found, 
m comparison with the unabsorbed, to have lost somewhat m titre 
both as a lytic agent for glaucoma and as haemolytic complement, 
but the nature of its action remained unaltered (table II) 

It is not claimed that this experiment is entirely conclusive. 




M ROBERTSON 


314 

of thick sheaths and agglutination and death of all the organisms up 
to dilution 1 80, but no lysis Dead individuals were still present 
m ceitam cases, though in small numbers, m dilutions up to 1 3000 
and agglutination titres were higher than in the heated sera In 
lower concentrations famt traces of an attack upon the cell substance 
could be seen but it did not amount to a frank lysis 

In fresh immune sera made against St L , death without lysis 
of all the organisms occuried up to dilution 1 610 and many dead 
•were still to be observed m 1 2560 The glaucomas often shoved 
a tendency to hurst half out of the sheath and pellicle and died m 
the half extiuded state The immune sera with mtact complement 
showed enhanced titres of agglutination and were much more lethal 
than the heated sera, but lysis was not a feature of the reaction 
and only traces of this vere pioduced in the lover concentrations 
These findings suggested that the high mimune body content of 
the sera masked or inhibited the lysis which was so striking a 
feature of the action of fresh normal sera This point arises again 
m later sections of the paper lysis in these experiments was 
taken to mean not merely the burstmg out of the pellicle or sheath 
but an actual attack on the substance of the cihate, producing 
dissolution of the protoplasm and peripheral structures 

Effect of the addition of complement to heated sera 

In oxponmonts with heated lmnuino sera to winch fresh gumon-pig 
complement is added it is very important to put up the tests m duplicnto 
or triplicate with different concentrations of complement and to bo quite 
ceitain that the complement controls without unmuno serum nro m perfect 
condition at the 24-hour rending It is also necessary to carry tho dilution 
of the ambocoptor or unmuno body far enough, ns important changes in 
tho effect appear in tlio higher dilutions Tho number of organisms in tlio 
suspensions should bo adjustod to not moro than 1500 2000 por c c in tlio 
complotod tubes and plates, ns tho lower numbor gives a moro clear-cut 
result 

Owing to tho difficulty of reading tho tubes where lysis has been going 
on actively, plates woro found to give moro lehablo lesults Tho immune 
serum was first diluted and distributed m tubes, complomont was then added 
and tho racks wore placed in tho meubntor at 37° C for 20 minutes and then 
allowed to stand at room temperature for about half an hour before tlio 
ciliatcs were added 

Table IV gives the result of a typical experiment The points 
to be noted are that the serum was capable of killing large numbers 
of glaucomas in the initial concentrations of 1 400 and 1 800 
without the addition of complement The dead organisms showed 
no lysis m the serum alone The peak of the effect, which included 
death as well as agglutination and sheath formation, was seen 
in the highest serum concentration and diminished with dilution 
At dilution 1 12,800 agglutination did not occur and only the 
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concentration of complement also by itself innocuous to the cihates. 
This phenomenon was at first interpreted as an example of 
combination in optimal proportions later it was found that there 
was a greatei complexity both of antigen and antibod}' than was 
at first supposed Actually a competition for the complement 
was taking place between these elements and constituted an 
obscuring factor. This is anatysed m detail m the succeeding 
paper 

In tests with added complement wheie the immune serum was 
not in itself lethal, as occurred very frequently m sera made with 
G1R , theie was no first lethal peak in the higher concentrations 
of the immune serum The addition of complement produced a 
certain amount of death without lysis The effect increased with 
dilution of the immune bod}' up to a given point and the culmination, 
with maximum death and lysis, always occurred at a dilution 
where the action of the serum alone w as barely discernible 

It must be observed in this connection that the sensitiveness 
of the test in regard to the actual end-pomt at which there was 
no discernible effect m expernnents in antisera without complement 
was only relative, and it cannot be asserted that there was no 
serum effect at all merely because obvious agglutination or 
immobilisation could not be recorded 

Summary of the effects of heat-labile factors. 

Glaucoma is very sensitive to the heat-labile element m normal 
gumea-pig and rabbit serum and is lysed when exposed to dilutions 
up to 1 80-1 160 or more Fresh mouse serum showed a normal 
agglutinin which proved to be heat labile The heated normal 
serum of these species was without any detectable effect The 
addition of suitably diluted complement to immun e sera greatly 
intensified their action, but the effective proportions for the 
production of lysis of the organisms were found at dilutions of 
immune body so high that its action was almost inappreciable m 
the control tests without complement 

The effect of re-exposure to heated immune serum 

In this work the temporary nature of the agglutination m 
many of the tests and the subsequent growth of the survivors m 
the tubes where death was not a feature of the reaction led to the 
investigation of the behaviour of organisms which had been exposed 
to serum It was found that, wnth the addition of peptone water, 
both G1 R and St L could be cultivated indefinitely m immune 
serum 

If G1 R was grown m the immune serum peptone water in a 
concentration of say 1 50 of a not very potent serum and sub- 
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Absorption of agglutinins 

The agglutinins were successfully absorbed from immune sera 
made against Gl.R but there were certain technical precautions 
which had to be taken owing to the nature of the organism 

Tho absorption was made by exposing living organisms which had been 
spun down oneo in tho centrifuge and re-suspended m saline to immune 
serum m the incubator at 24° C or at room temporaturo in the dark 
Agglutination took placo rapidly and after about an hour the supernatant 
serum was drawn off and tho process repeated 0 times Tho serum, now 
diluted 1 25, was thoroughly centrifuged before use A total of 43 million 
organisms was used ■where complete absorption was obtained It is very 
important to centrifuge tho suspension very gently so as to destroy as few 
as possiblo It is also essential to romo\ o tho serum from tho agglutinated 
glaucomas so that in tho early stages there should bo a minimal release of 
protoplasm from dead or injured organisms In tho later stages the pipetting 
off of the supernatant serum at tho height of tho agglutination prevents the 
secondary release of tho surviving organisms In tho final stages the 
ciliates have to bo centrifuged off as they are no longer all agglutinating and 
the process should bo earned out with duo care 


Table V 

Absorption of agglutinins 


Serum 

1 50-1 200 

1 400 

1 800 

1 1000 

1 3200 

1 0400 

Saline 

B1 

51 absorbed 
w ith G1 R 

- 

- 

- 

- 

— 

— 

- 

2 5 

22 

Test 76 

— 

— 

— 

— 

— 


— 

51 control, 
treated with 

+ + + + 

+ + +( + ) 

+ + + 

+ + + 

( + ) 

— 

— 

2-5 

saline 

Test 77 

tr 

tr 

tr 

tr 

- 

- 

- 

22 

51 absorbed 
with Polytoma 

++++ 

++++ 

++(+> 

+(+) 

tr 

— 

— 

2 5 

uvella 

Test 78 

+ 

tr 

tr 

tr 

— 

- 

- 

22 

51 untreated 

++++ 

++++ 

+ + + 

+++ 

+ 

— 

- 

2-5 

Test 79 

+ 

tr 

tr 

tr 

- 

- 

— 

22 


The readings are from the tube series and give the macroscopic findings Test 
suspension G1 R 6000 per c c 


In the tests summarised m table V the controls consisted of 
immune serum treated with saline m parallel with the absorption 
and the same serum diluted directly at the time when the test 
was put up A further control was made by exposmg the immune 
serum to very thick saline suspensions of a bacterium-free culture of 
an unrelated protozoon, Polytoma uvella, the process bemg earned out 
exactly as m the absorption with Glaucoma except that the Polytoma 
did not agglutinate and had to be centrifuged off at every exposure 
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inadvisable as, although an exudate similar, so far as it has been 
tested, to that found by Bresslau has been observed in these cihates, 
it is not very helpful to give it a meaningless name If other 
protozoa secrete, or have m their surface structure an antigemc 
substance with similar properties to the exudate of cihates, as 
seems not improbable, these will no doubt be specific substances, 
very probably carbolij’drates combined with protem material as 
in the bacteria, and the general description of mucm can be used 
to cover them until they can be more accurately described 

In the present experiments the combination of the serum with 
the exudate and those surface structures concerned with the 
formation of the sheath was demonstrated beyond any doubt, and 
it was also clear that those organisms which survived reached a 
state in which their substance was no longer combining m the 
same way Tliis was demonstrated m the re-exposure experiments 
and the writer considers that the explanation of the msensitiveness 
to serum shown by the orgamsms growing in immune serum or 
surviving in a titration experiment may be due to one of two 
possible conditions Either the cihates had shed all the antigenic 
substance and were therefore not sensitive until more was produced, 
which would agree with Bresslau’s conception, or the surface of 
the organism had undergone a temporary change of physical 
condition which did not admit of the carrying out of agglutination, 
while still retaining a chemical composition which is not antigemcally 
different The balance of evidence appears to be in favour of the 
second hypothesis , for though only a relatively small proportion 
of the volume of protozoa seems to be antigemc (Kligler and 
Olitzla, 1936) the complete extrusion of the substance does not 
seem probable It is further quite clear that the state of the 
surface of the orgamsm is of primary impoitance m all the 
phenomena of agglutination and of reaction to immune serum m 
general, and that the surface of an orgamsm capable of such active 
response should be temporarily altered need give no cause for 
surprise 

The active lytic effect of normal serum of rabbits and guinea-pigs 
with complement intact is a particularly interesting phenomenon 
in view of the absence of any recognisable similar action of normal 
heated serum The suggestion that the heat-labile elements of 
normal sera are capable alone of causing complete lysis without 
amboceptor or immune body is so contradictory of estabhshed 
knowledge that it calls for further elucidation It is true that it 
has been estabhshed that red cells may be lysed by fresh guinea-pig 
serum without immune body in the absence of salt, where the 
sodium chloride was replaced by sugar (Topley, 1914-15), but the 
conditions in the experiments here described are not actually 
similar 
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Methods and material 

Tho moiliod used to obtain antisera -was tlio injection of the antigen 
howov er prepared into the oar \om of n rabbit Tho tests were earned 
out in the manner described in tho previous paper, obsorv ations being made 
both macroscopically and microscopicallj in tho small petn dishes whenever 
tho two methods were applicable The test antigen, oxcept where cxprcsslj 
stated, w os alway s the living organism suspended m a solution of peptone 
m 0 5 per cent NaCl 

Reactions of sera made with heat-fixed cultures 

The work dealing with the heat-fixed cultures, the exudate and 
the washed bodies from which the exudate has been poured out can 
all be treated together 

Brcsslau (1924) stated that if a culture of Glaucoma was centrifuged 
and washed and exposed to a temporaturo of about 35-36° C for 4-1 nunuto 
the organisms poured out an exudate which ho named “Telctin ” Further 
very rapid heating to 71-73° C caused fixation (heat coagulation) of the 
glaucoma bodies and solution of tho oxudnto If tho material was now’ 
centrifuged a clear, faintly opalescent fluid was separated from tho bodies 
In practice this method required a little investigation and somo further 
elaboration, but was carried out without any really material alteration 

Tho cultures used for this purpose should not bo more than 48 hours old 
Tho organisms were centrifuged down once, care bemg exercised to avoid ns 
far as possible any- damage or packing at tho bottom of tho contnfugo tube 
St L was particularly sensitive to this while alive, and samples wero rejected 
if any considerable number of dead and burst individuals could be seen 
under the microscope Sov enty-five e c of poptono culture wore treated 
at once and resuspended in about 8 c c of 0 5 per cent saline Two small 
water-batlis wero prepared, one at 39-40° C and ono boiling vigorously at 
100° C The test-tubo with tho living organisms was fitted with a 
thermometer passed through a rubber coik and was held in tho bath at 
39° until the thermometer registered 34-35° C (usually for 1 mmute and 
16 to 30 seconds) and then was so manipulated that tho temperature m 
the tube did not rise beyond 36° C for a further 14 minutes Tho sample 
taken at this period and examined under tho microscope showed living 
undamaged ciliates and a considerable amount of amorphous exudate 
causing a cloudy flocculent appearance in the tube The tube fitted with 
the thermometer was then plunged into the bath of boiling water Within 
20 seconds the temperature usually registered 60° , a few seconds Inter as 
the mercury column passed the 65° mark tho tube was removed from tlio 
bath Tho temperature continued to rise to 73-75° and after a total of 
1 minute 40 seconds from the moment of plunging the tube into the heat 
it was opened The examination at this stage show’ed well-fixed glaucomas 
m fluid containing some cloudy material The bodies wero m good condition 
if the heating had not exceeded 78° and if the original nse m temperature 
had been sufficiently rapid, but a certam amount of shedding of clear hyaline 
discs or globules oceiured without bursting or injuring the bodies Their 
nature is not clear, but they disappear during tho subsequent handling of 
the material The still warm material was centrifuged again several times 
and a clear, faintly opalescent fluid finally obtained The bodies together 
with some flocculent material remained as a deposit on centrifuging the 
heated contents of the tube 
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produced the usual reactions, with however a shght alteration of 
the emphasis Agglutination and the pouring out of exudate 
were well developed and appeared early, although the titre was 
not very high (1 160-1 320 for agglutination). Sheaths were 
also formed quickly, but were less sohd looking and thick than 
those seen with a typical serum made with living organisms or 
with the unseparated “ matrix ” The sheaths were cast off rather 
rapidly and the agglutinated clumps dispersed, leaving the small 
plates m which they were observed filled with agglutinated masses 
of empty sheaths These were still to be noted, though m reduced 
numbers and of shadowy appearance, at 1 640 In certain sera 
there was no detectable reaction at all, even m a concentration 
of 1 5, with the heterologous living strain G1 R This avus further 
tested and a very famt cross effect with G1 R was detected in 
dilutions 1 5 and 1 10 of a serum made with a greater amount 
of antigen These cross reactions v ere much more clearly shown 
in precipitation experiments dealt with later 

The sera made with the soluble exudate of G1 R. gave reactions 
which were along the usual hnes, but the features were less distinctive 
than with similar sera made with St L There was a shght cross 
effect with the lmng heterologous stram St L 

(3) The sera made rvith the washed bodies when used Avith 
the homologous orgamsms showed the familiar reactions but 
agglutination was delayed somewhat and, m the plates, developed 
rather poorly and irregularly , sheaths were formed m great 
numbers and on bemg cast off agglutmated mto clumps and rafts 

While the distinctions were m no way sharply defined, there was 
a tendency m tests with antisera against the washed, heat-fixed 
bodies as compared with those in sera made Avith the supernatant 
fluid (soluble exudate), for the homologous organisms to show less 
complete agglutination m the plates and less free exudate The 
sheath-producing effect on the other hand was very well developed, 
so that these shells were cast off after a time m such numbers that 
m dilutions of 1 160 and 1 320 the reaction mvolved practically all 
the orgamsms present and was the chief effect of the serum 

Reactions of sera prepared with acid-treated material 

The antigens for these sera were obtained ns follows One hundred c c 
of culture (3-4 days’ growth) were centrifuged and resuspended in 60 c c 
of 0 6 per cent saline , 60 c c of a 10 per cent solution of HC1 m 0 5 per cent 
saline were added to the mixture and allowed to stand for 72 hours in the 
dark The organisms were then washed five or more times in the centrifuge 
m saline The pH. of the suspension was tested and if found to be acid 
the washing was repeated The rabbits showed no ill effects The acid 
treatment fixed the orgamsms m the histological sense quite well The 
method as also that used later for alcohol treatment is essentially the same 
as that used by Felix and Pitt (1936) for bacteria of the Salmonella group 
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of these sera at 22 hours m dilutions up to 1 600-1 800 There 
were faint cross effects in the more potent of these sera, reduced 
as usual to the casting of a few sheaths on the part of the heterologous 
organisms 


Reactions of sera made with steamed material 

For the preparation of the sera from steamed organisms, the 
latter ueie grown in peptone water without sodium chloride 
and were centrifuged and suspended in neutial distilled water 
and steamed for 1-2 hours as desired Salt was added to bring the 
concentration up to 0 85 per cent after the heating v as concluded 
These sera had a very feeble action with the living organisms 
showing that the antigen had been very much altered by the 
treatment There was no agglutination of the cihates and no 
immobilisation, but after 10-22 hours a certain proportion were 
seen to have cast their sheaths m dilutions up to about 1 40-1 80 
and there was usually a little exudate shed into the surrounding 
medium Although these reactions weie so very faint there was 
a just recognisable trace of cioss effect with the heterologous 
strain Sera made with antigen steamed for 2 hours were even 
more feeble and a definite reaction could not always be registered 
m the experiments with the living organisms Table I gives the 
reactions to the various types of seia m tabular form 

Tabu: I 


Reactions of sera prepared with various antigens 


Antigen 

Teat object 

Hcnctlon 

Li\ mg organism 

Li\ mg 
glaucoma 

Production of clear oxudato, immobilisation, 
agglutination formation and casting of 
sheaths potent sora may cause death m 
higher concentrations 

Soluble oxudato shed 
into salmo 

** 

f* 

Exudato, immobilisation, agglutination, 
slight reduction in tho formation and 
casting of sheaths 

Washed bodies from 
nlneli soluble exu- 
date had boon 
obtained 

ft 

*f 

Exudate, immobilisation and agglutination 
slightly reduced , emphasis is on the 
formation and casting of sheaths 

Acid-treated 

• * 

» 

Reaction as for serum from hi mg antigen 
but titro much roduced 

Alcohol-treated 

»* 

ft 

Exudate, immobilisation and agglutination 
much roduced, but formation and casting 
of sheaths w oil developed 

Steamed for 1 hour 

*» 

f* 

No immobilisation or agglutination , only 
a slight dogroe of formation and casting 
of sheaths 
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treated antigen reacted poorly with the soluble exudate, but these 
were 18 months old when tested Sera made with steamed antigen 
(1 hour) reacted with the soluble antigen and when tested with 
living organisms showed only the late sheath effect, the deduction 
bemg that a certain amount of sheath-forming substance was 
poured out into the sahne as well as the clear exudate which seemed 
to be concerned with agglutination This conclusion was borne 
out also as shown already by the effect of the serum made from 
the exudate 

Quantitatively the precipitin reaction could not be considered 
to give an accurate account of the amount of overlappmg, as there 
was no means of standardismg the antigemc content of the exudate 
solution and there was reason to suppose that the more prolific 
growth of G1 R probably yielded a greater amount of exudate 

Table II gives an abridged account of some of the precipitin 
reactions with various types of sera 

Table II 


Abridged table of precipitin reactions with soluble exudate 




Precipitation reaction -nith 




Scrum no and antigen 
used In preparation 

G1 SI soluble exudate 

St L soluble exudate 

Experiment 

no 


IB 

in 

1 8 

1 2 

m 

1 8 


101 

G1 M living 

++++ 

+++ 

+ +( + ) 

+( + ) 

+(+) 

+ 

P 91-2 

96 

St L li\ mg 

++(+) 

+(+) 

+ 

+ + + 

+ + 

+ 

P 93-4 

89 

G1 U washed bodies 

+++ 

++(+) 

+ + 

+( + ) 

+ 

( + ) 

P 95 6 

88 

St L washed bodies 

+ 

+ 

( + ) 

+ + + 

++ 

( + ) 

P 97-8 

93 

G1M soluble exudate 

++(+> 

+(+) 

+ 

+ 

+ 

tr 

P 99-100 

107 

St L soluble exudate 

+ + + 

+ + 

+ ( + ) 

+ + + 

++ 

+ 

P 101-2 

105 

G1 M alcohol treated 

++++ 

+++ 

+ + 

+(+) 

+ 

(+) 

P 103-4 

104 

St L alcohol treated 

++{+) 


+( + ) 

+ + + 

++ 

+ 

P 103-6 

102 

G1 M steamed 1 hour 

++(+> 

++ 

+ ( + ) 

+( + ) 

+ 

(+) 

P 111-2 

100 

St L steamed 2 hours 

tr 




+ 

0+) 

9 

P 113-4 

98 

Hp 36 (Herpeto- 


. , 

- 

„ 

_ 

■ 

P 43-P 90 

monad) 

Normal rabbit 

. 









1 

P 53-P 76 

Saline 

— 

— 


— 

— 

i 
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treated antigen reacted poorly with the soluble exudate, but these 
were 18 months old when tested Sera made with steamed antigen 
(1 hour) reacted with the soluble antigen and when tested with 
living oigamsms showed onlj r the late sheath effect, the deduction 
being that a certain amount of sheath-forming substance was 
poured out into the saline as veil as the clcai exudate which seemed 
to be concerned with agglutination This conclusion was borne 
out also as shown already by the effect of the serum made from 
the exudate 

Quantitatively the precipitin reaction could not bo considcicd 
to give an accurate account of the amount of overlapping, as there 
was no means of standardising the antigenic content of the exudate 
solution and there was reason to suppose that the moie prolific 
grow tli of G1 R probably yielded a greater amount of exudate 

Table II gives an abridged account of some of the precipitin 
reactions with vanous types of sera 


Tablu II 


Abridged table of precipitin reactions with soluble exudate 
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with sera such as that made from the soluble exudate of strain 
G1 R and absorbed with the homologous alcohol-treated antigen 

A typical experiment until this serum is shown m table IV 
Here all the sheath-combmmg antibody was absorbed and the 
agglutination and immobilising titres uere considerably reduced 
m the serum when tested without the addition of complement 
When complement was added in a suitable dilution the death of 
about one half of all the glaucomas occurred, with complete lysis in 
a serum dilution of 1 40, the effect diminishing rather sharply 
with further dilution of the serum until only a trace uas found 
m 1 320-1 640 The important point here is that the much 
weakened immune body consisted of the agglutinating and 
immobilising elements alone and when combined with complement 
death with lysis was produced 

In the unabsorbed control (expt 449, table IV), death increased 
in the dilutions from 1 40 to I 1280 with diminution of the 
immune body, partial lysis appearing at 1 * 320 and a good degree 
of lysis only at 1 1280 With furthei dilution the number of dead 
diminished but those that were killed were also lysed The sheath- 
reacting antibody apparently competed for complement or inhibited 
its union with the agglutinin 

Here again, as m the tests described m the previous paper, the 
lytic power of verj' small amounts of antibody when combined 
with complement is very striking, but it must be borne m mind 
also that the organisms exposed are ahve and the action of a lytic 
agent on a small portion of the surface would probably suffice to 
destroy the complex balance of the peripheral system and disrupt 
the orgamsm 

(2) The elucidation of the effect of the addition of complement 
to a serum contaming only the sheath-combmmg antibody presented 
some technical difficulties also m getting a proper balance of 
complement and immune serum, and particular care had always 
to be taken to guard against the independent action of too large 
an amount of complement The reaction was studied m sera made 
with steamed antigen and with alcohol-treated organisms The 
results are shown in table V 

In experiments 340 and 343 serum 63 made with G1 R steamed 
for 1 hour showed no agglutination or immobilisation of the living 
homologous organisms and was completely innocuous as regards 
death, but produced the sheath-formmg and discarding reaction 
m a moderate number of organisms m the later readings in a dilution 
of 1 * 5, diminishing to a trace ml 20 In further dilutions there 
was no registrable effect. The addition of a suitable dilution of 
complement to the serum produced an interesting result A 
proportion of the organisms were lulled and agglutinated, but 
although the contents of the cihates were sometimes half extruded 
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from the sohd-looking sheath the substance of the more or less 
disrupted orgamsm was in no way attacked or lysed A rapidly 
diminishin g number of dead were found up to a dilution of 1 :''40, 
still without lysis, and in further dilutions there was ho, effect at 
all Here the sheath-forming antibody, by itself quite innocuous 
m this concentration, combmed with complement to produce death 
with some degree of agglutination but without lysis. The effect 
has a perfectly simple relation to the dilution and is most pronounced 
in the highest concentration of the antiserum ' ■> 

In experiments 297 and 301 (table V) a low-titre serum (81) 
made from alcohol-treated abates of strain St L was tested with 
the homologous living orgamsm with and without complement. 
In this serum the sheath-combming antibody was present in 
sufficient amount to produce only the characteristic sheath-casting 
reaction up to a titre of about 1 • 80, while the agglutinin and 
the immobilising antibodies, winch are always present to some 
extent in sera of this land, were not powerful enough to be readily 
recognised m the reaction of the abates to the serum without 
complement The addition of complement produced a combination 
with the sheath-reacting antibody in the higher concentrations 
which was lethal, killing large numbers of the organisms without 
lysis, while the trace of agglutinin and of nnmobihsing antibody 
combmed with the complement to produce a much restricted 
trace of lysis m 1 160-1 320 where the skeath-reaeting antibody, 
was not operative Dilutions from 1 640 to 1 * 10,000 were without 
any effect 

Attention is drawn to the small amount of lysis (disappearing 
at the dilution 1 320 of the immune serum) correlated with, the 
very slight development of agglutinin and immobilising antibody 
m this experiment. It is m sharp contrast to the very high titans 
of the lytic process in sera derived from the living antigen in the 
same circumstances 


Summary of the foregoing sections. 

In those experiments where sera containing only, or little but,' 
the sheath-forming antibodies were combmed with complement,' 
there was no increase in the lethal action m the higher dilutions 
and the effect disappeared with diminution in the concentration 
of the antibody This seemed to be linked with the fact that there' 
was httle or no competition for the constant am ount of complement : 
between the two different types of antibodies In the absence 
of the agglutinin and its allied elements there was no lysis and 
the sheath-combinmg antibody in conjunction with complement, 
produced death but not lysis Where, as m the absorbed sera, 
the agglutinins (using this to mean the antibodies derived from the ■ 
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addition of complement to tins antibody enhances its action in 
causing the death of the abates and the antibody interferes •with 
the combmation of complement with agglutinin (or antibody 
against the heat-labile elements), which alone is the active lytic 
agent m the immune serum 

The division of the elements into heat-labile and lieat-stable 
does not appear to be so sharp here as m the bacteria, for although 
antisera can be made with the steamed antigen they are of very 
low efficiency. The steamed glaucomas are capable of absorbing 
the sheath-combining element from the antisera, but it is very 
difficult if not impossible to remove all this antibody by this means 
from a serum made with the intact living organism 

The conclusion is that these abates contain antigemc substances 
which share many of the characters of those already known in 
bacteria and that they contain both relatively thermostable elements 
analogous with the 0 or heat-stable antigen and more labile 
elements analogous with the H or heat-labile antigens of bacteria 
The very active response of the surface of the organism is 
particularly striking and certain resemblances to bacteria suggest 
themselves, such as the marked swelling of the capsules of pneumo- 
cocci when acted upon by a specific antiserum Moreover the 
defensive mechanism of the sheath m these protozoa is perhaps 
of interest m connection with the greater virulence of certain 
capsulated bacteria (Topley and Wilson, 1936) 

Summary 

The antigemc properties of two varieties of abate belonging 
to the Glavcoma-Colpidium group have been mvestigated and 
sera prepared m rabbits from antigens obtained by treatmg the 
living glaucoma m various ways From a study of the reactions 
of the livmg organisms to these sera, correlated with those found 
m sera absorbed by steamed and alcohol-treated glaucomas, it 
has been shown that the antigemc substances contained m these 
protozoa can be divided mto two groups possessmg different powers 
of resistance to heat (100° C for 1 hour) and to alcohol 

Lysis of the abates results from the combined action of 
complement and the agglutinin evoked by the heat-labile antigen 
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and descending thoracic aorta, severe atheromatous calcification 
in abdominal aorta Right common iliac artery, at point where it 
is crossed by ureter, showed a fusiform aneurism, 4x3x2 cm, 
with considerable calcification in its walls Other arteries of the 
body shght atheroma only Lungs slight congestion and oedema 
of the dependent parts Rest of the respiratory system normal. 
Alimentary canal, biliary tract and pancreas, gemto-unnary system 
no lesion Liver . 1945 g , pale but otherwise normal 

Bone marrow right femur only examined , whole marrow cavity 
red (fig 2) , small portion only m upper third of shaft sufficiently 
free of bone for removal — it sank m water. The head and neck 
could not be examined 


Histology. 

Spleen The architecture of the pulp was largely destroyed by 
fibrosis This took the form of interlacing argyroplnl fibres, just 
coarse enough to stam with van Gieson’s stain (fig 3) The meshes 
were only wide enough to contain a few cells. Scattered through 
this fibrous background were numerous foci of haemopoiesis, mostly 
erythroblastic but occasionally leucoblastic The splenic Binuses 
were difficult to define The malpighian bodies were small and 
very scanty The vessels appeared normal and the trabecuke 
were not unduly prominent Several typical Gandy-Gamna bodies 
were found 

Lymph glands One gland appeared normal , three others 
showed the following changes The lymph follicles were relatively 
well preserved but the remamder of the gland had undergone a 
similar type of fibrosis to that seen m the spleen In the fibrotic 
areas there was extensive haemopoiesis. 

Liver There were areas of haemopoiesis m dilated hver sinu- 
soids, the character of which was similar to that m the marrow 
Erythropoiesis predominated and the cells tended to be immature 
The portal tracts contamed numbers of lymphocytes and a few 
immature red cells The parenchyma showed shght brown atrophy 

Kidney In the interstitial tissue there were foci of haemo- 
poiesis similar to those m the hver The parenchyma showed no 
significant change 

Adrenal The cortical cells were shrunken with rather scanty 
hpoid There were numerous foci of haemopoiesis m the medulla 
(fig 4) 

Ovary showed a few foci of haemopoiesis. 

Bight iliac artery showed severe, calcareous atheroma and, at 
the site of the aneurism, destruction of the media 

Heart, lungs and pancreas showed no significant lesion 

Bones A radiogram of the femur taken after removal from the 
body on the same plate as a normal control (fig 5) showed irregular 
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genous marrow Further, several bays surrounding vessels indent 
the subperiosteal surface deeply or pass into subjacent medullary 
spaces or even pass through this compact zone to the deeper 
corticahs The bays contam a variable amount of hnematogenous 
marrow, the haematogenous cells being closely packed in their 
deeper parts Beneath this more compact zone the corticahs in 
one relatively small area shows a compact bone rarefied by numerous 
Haversian spaces filled with li somatogenous marrow Elsewhere 
the compacta is completely replaced by a small-meshed spongiosa, 
m which the more or less rounded medullary spaces are separated 
by trabeculae which contain many systems of lamellar bone The 
spaces aie packed with haematogenous cells The mnei maigm of 
this spongy corticahs is sharply defined, containing poitions of a 
deep layer of inner fundamental lamellae The medulla is occupied 
by a very fibrotic marrow composed of closely packed collagenous 
fibres and fibnis. It contains many granules of a yellow pigment 
v Inch does not give the prussian blue 01 Turnbull’s blue reaction 
foi iron, nor Mallory’s modification of the lattei reaction Haemato- 
genous marrow is sparse and forms streaks and patches m the 
fibrotic stroma It contains only fine small trabeculae of bone 
(2) Longitudinal section of upper part of lower third of shaft 
The corticahs is non here compact but in its outei part consists 
of large longitudinal medullary spaces separated bj 7 broad tiabeculae 
In its inner part the bone has been even more reduced by these 
spaces Close to the medulla the spaces become still larger, and 
from the spaces of the widely separated longitudinal trabeculae 
there project laterally short, irregularly shaped, branching trabeculae 
There is no sharp differentiation from the medulla, throughout which 
small trabeculae are scattered at rather wide intervals Laidlaw’s 
silver impregnation shou s an astonishingly dense feltwork of stout 
reticulum fibrils The density is slightly less m the medullary 
spaces of the corticahs than m the medulla Haematogenous cells, 
scattered and m denser patches, are present throughout the medulla 
and become more densely packed m the outer medullary spaces 
of the corticahs One or two small medullary spaces immediately 
beneath the periosteal surface are free 


The spongiosa 

(1) Head With a hand lens the bone is seen to have lost the 
ordinary reticular pattern and to consist of groups of closely packed, 
small, irregular, anastomosing trabeculae alternating with somewhat 
larger irregular areas free from bone The marrow is very fibrotic, 
but contains a few adipose tissue cells Haematogenous cells are 
scattered throughout but are unfortunately greatly shrunken 

(2) Inner condyle Here the normal structure of trabeculae 




Myelosclerosis case 2. Hcematological findings 


346 


J. M VAUGHAN AND C V HARRISON 


o! 

•£ 

a 

B 

Myolocytes present 

Two transfusions 

Drip transfusion 
Operation strangu- 
lnto'd liornin 

3 

& 

s- 

feS 

Si 

g 

sptqqoTnioK 

-f " 2 tie- -<k 

•Pima 
jo F;sc[qo[W)3jc 

i *•< "•** © ciM": ci o cs 

i pH *—4 H 

BlsctqojqjAJO 

aji:uiu,\ 

«* ci r~ © © is h ^ h h 

H 

Varieties of loueocjtcs (per cent ) 

BiTOpnnouom 

oaitrx 

O >3 » 

cl n o n h n ci<*_ 0 t. 

o *3 5 

sojCooqiltnAi 

13 12 J3 

cj hh 

Ceor^n-''**' « 

^ Cl 

fnqtioscfr 

■h* O «f 1C ■— ( ,-4 C? O 13 ** © 

*00 

imcTonisoa 

>3 C'cunnw -ji o 05 0 o 

p ■3000" KCOOC- 

Ei(<Iioia<[Oj 

** 00 CM * * *^ © CO 00 ° O 

pH CO -tf C3 CD T* ID~»00CClD 

CO Cl CO 

SDjiCooono[orj 

*? HSlHOfC " " « ^ " 

O pH 

60|foo(o{m a 

1 

0 5 

1 

S9-)<30l3Am a 

ra >3 ^1 o o 1 ‘ " ra 

13 •* 

B^xoop ?UI X 

12 12 . 

CDNpHCIpHpH CM _ 

O CO 

sjstqqop Cp; 

inis'?" 

o 

( uitn o lodt) o AV 

ooo oooooo o ooooo 

Ol3«3 OOOOOO O OOOOO 

ON> COCIOOCIO O «*©©©© 

oo co co «h^i^o*c) ud ooV"oo« 

pH PH PH pH pH pH HN 

( qtiOD jocI) 
s^Sooinonoii 

COCOWgjO 4#ClVOH^ 

eo r- c- *■* iot»co** 

_ ( o a av oot 

I3<I) 0 H H pa>«3pnK 

oo oooooo ooooo 

oo oooooo ooooo 

CM <M CM Cl CM CM Cl CM CM C| Cl Cl pH 

0*0* eT^i'cJr^‘e5‘^f** 

^ H (M P4 <N Cl pH pH 

10 

00 Cl O CM CO o -#H0)O 

t- ID 13 1>MX)QC5 00 CO © CO 00 t— 

( laao jod) qjj 

OOO ^ Cl 00 ^ O O o OOOrfOO 

CO Cl l> © © © © oo ^ © £*• © © 

( ana o 

jad spuesnom) OSH 

1 ooo oooooo o ooooo 

ooo OCM^OOO o ooooo 

OOOt^ r£OCM©CMCO CO O Cl^O pH 

I CD r£ lOlDrjTcoffOCO njT cT CC rf O tJ? 

s 

(S 

fi 

10 10 31 
12 2 32 

10 10 32 

3 4 33 
14 11 33 
8 11 34 

3 4 35 
27 2 30 

11 11 36 

21 11 36 

4 5 37 
29 7 37 
16 9 37 
11 10 37 
20 9 38 




Plate XXXVI 


Fig 5 — Case I Radiogram of right fomur (right) with normal control (loft) after 
romoval Note tho irregular inner surface of tlio corticalis, winch appears 
invadod by streaks of manon , and the irregular density of tho spongiosa as 
compared with tho control 

Fig G — Case I Radiogram of sections of Bhaft of right femur (right) with normal 
control (loft) Noto the decreased density and irregular inner surface of tho 
corticalis and tho patoliy irregular character of tho Bpongiosa compared with 
tho controls 




348 


J M VAUGHAN AND C V HARBISON 


pliorus, bilirubin and phosphatase have been normal whenever examined, 
except that on one occasion the phosphataso was 14 units 

Throughout the period of observation the sploon has varied m size 
considerably It is always extremely hard on palpation The patient has 
complained of sudden attacks of pam and discomfort m tlio splenic region 
but, apart from limitation of movement due to the rhoumatic condition, 
remains in good health 

Discussion 

The characteristic findings in the two cases described are 
( 1 ) splenomegaly , (u) irregular densit}' of the spongiosa of the 
long bones and throughout the flat bones, associated noth decreased 
density of the corticalis of the long bones, the inner edge of the 
corticahs bemg frayed and irregular m appearance , (in) leuco- 
erjiiliroblastic anaemia , (iv) increased red cell fragility m hypotonic 
saline, associated •with increased cell thickness 

Both patients Mere originally diagnosed as myeloid leuktemia 
on account of the large spleen and the immature white cells m the 
peripheral blood More careful examination of the peripheral 
blood led to the recognition of large numbers of extreme^ young 
red cells which, m the presence of mild ansemia only, are suggestive • 
of leuco-erytliroblastic anaemia rather than of leuksenua In neither 
patient could any source of a primary malignant growth giving 
rise to bone secondaries, the commonest cause of this type of 
anaemia, be found Radiological examination of the skeleton m 
case I ivas negative 2 years before death but showed marked 
changes at autopsy The skeleton of case II has shown during life 
similar abnormahties which appear to be progressive, and which 
radiologically are similar in charactei to those found at autopsy 
m case I 

The diagnostic significance of the increased led cell fragility 
cannot be assessed until further cases have been examined It 
was associated in case I with an increase m cell thickness and m 
case II with a cell thickness on the upper limit of the calculated 
normal Increased fragility is mentioned by Fiessmger and Olivier 
(1926) in a patient with leuco-erytliroblastic anaemia and spleno- 
megaly of unknown origin 

Case I showed an initial polycythsemia which appeared at the 
time to be of the Vaquez-Osler type It is of interest that case II 
when first seen had a high colour and a red cell count of 6,000,000 
per c mm , which though within normal limits is high, especially 
for a female 

A similar case showing leuco-erytliroblastic ansemia and myelo- 
sclerosis following polycythsemia has recently been described by 
Stone and Woodman (1938) Cases of polycythsemia m which a 
leuco-erytliroblastic picture with or without anaemia has occurred 
during the terminal stage have been described under the term 
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Both erythropoietic and leucopoietic tissues are involved and 
stress is laid in many reports on the proliferation of megakaryocytes 
(Rathery, 1902 , Sternberg, 1904 , Askanazy, 1904 , Nauwerck 
and Moritz, 1905 , Assmann, 1907 , Donbauser, 1908 , Levy, 
1919-20, Cesa Bianchi, 1921, Goldsckmid and Isaac, 1921-22, 
Firket and Campos, 1922 , Barth, 1925 ; Fiessinger and Olivier, 
1926 , Balhn and Morse, 1927 , Jaffd, 1927 , Zadelc, 1928 , 
Dubmskaja, 1928-29 , Sperom and Llambias, 1929 ; Gaudier and 
Houcke, 1930 , Downey, Palmer and Powell, 1930 , Wolf, 1932 , 
Mizon (quoted by Bmile-Weil, Chevalher and S6e, 1933) , Carnot 
et al., 1935 , Hirscli, 1935 , Tudhope, 1937 , Hickling, 1937) Hewer 
describes his case as an example of megakaryocytic myelosis with 
osteosclerosis and likens it to those described by French authors 
as “ Splenomegalie myelolde rndgacarj^ocytaire amyelocythemique ” 
(Fmile-Weil, Chevalher and See, 1933 , Favre, Croizat and Gmchard, 
1934 , Hugonot and Soluer, 1935 , Weil, Isch-Wall, Perles and 
Scemama, 1936) Whether these cells are true megakaryocytes 
of the type found m bone marrow is disputed The picture differs 
from a typical leukaemia, firstly because cells of more than one type 
are involved, and secondly because there is dysplasia of osseous as 
well as of liaemopoietic tissue The association of marked erythro- 
poiesis and leucopoiesis with proliferation of giant cells distinguishes 
this group from that described by Stengel (1904), Wilson (1913), 
Kettle (1919-20) and Ross (1933), m which there was marked 
proliferation of giant cells only 

Some of the previous workers, m discussing the character of tlie 
pathological changes, have suggested that the leuco-erytliroblastic 
hyperplasia is secondary to the sclerosis of the marrow, others 
that the sclerosis is secondary to the leuco-erytliroblastic activity 
Though no proof is at present possible we would suggest that both 
processes occur simultaneously in response to a single, at present 
unidentified, stimulus All the cell types involved — osteoblast, 
fibroblast, luemocytoblast and megakaryocyte — are derived from 
the same primitive mesenchyme reticulum cell of Maximow It is 
noticeable that though the histological picture varies from case to 
case there is no instance recorded m which cells of the lymphocyte 
or monocyte type are involved The nature of the postulated 
stimulus remains obscure Stone and Woodman draw attention 
to the frequent occurrence of tuberculous foci in such cases They 
were not found m the present (fatal) case nor in those previously 
recorded (Vaughan, 1936) Since such foci are not invariably present 
it appears difficult to attach to them any {etiological significance 

Apart from theoretical considerations it is important to recognise 
the existence of the somewhat ill-defined group of cases discussed 
above, because the duration of life is often longer than m typical 
leukaemia, and the prognosis given may therefore be better 
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was therefore continued for a further two months, when the remaining . 
eleven animals were lolled. The results of this experiment were satisfactory 
m most cases but m some animals the vascular lesions were not severe 
enough for a difference between the two sides to be estimated satisfactorily.*: 
The experiment was therefore repeated using twelve experimental rabbits 
and twelve controls In this second experiment an attempt was made to ' 
accelerate the production of cholesterol lesions by giving the cholesterol in a 
fatty base, in all other respects the procedure was exactly as detailed 
above. One gram of cholesterol was dissolved in 0 o.c. of hot olive oil and 
added to a small quantity of bran The mixture was given in deep dishes to 
prevent spilling and other food was withheld till each animal had eaten its 
portion By this means satisfactory lesions were obtained at the end of 
three months In both sets of experiments the control animals received 
the same diet as the experimental but were not subjected to any operative 
procedure 

All animals were bled to death under ethor anaesthesia. As soon as they J 
were completely exsanguinated a cannula was placed m the first part of 
the aorta and the whole animal perfused with 10 per cent, formol-saline for 
ten minutes in order to fix and distend the vessels. The body was then'' 
eviscerated and a cannula was placed in the lower part of the abdominal 
aorta and the vessels of the bind limbs perfused, first with 50 per cent 
alcohol, then with a saturated solution of Scharlnch R in 70 per cent, alcohol 
and again with 50 per cent alcohol By this means the cholesterol lesions 
were stained bright red and their distribution could be mapped out with • 
ease Tins was done by drawing the lesions to scale on a somi-diagrammatic 
chart. After tlus had been done the mam arteries of the hind limbs were 
dissected out from the bifurcation of tho aorta down to the popliteal artery. 
A segment was then selected from each side for histology and frozen and 
paraffin sections prepared Tho remainder was kept for chemical analysis 
It was hoped that this would substantiate the differences in the distribution 
of the lesions noted anatomically. The vessols were stripped free from any ; 
attached fatty tissue and grouped into four batches — right and left sides of 
sympathectomised animals and nght and left sides of control animals. The 
vessels were dried at 66° C. for four days and then extracted in a Soxhlet 
apparatus with chloroform for three days The total dned chloroform 
extract was then weighed, saponified and the cholesterol precipitated as a 
digitomde. 

During the course of the experiments all tho sympathectomised animals 
were tested for differences of slon temperature between the two hind limbs 
Tlus was done by means of a thermo-couple and a string galvanometer,! 
using a depilated area on the dorsum of each foot. On each occasion the 
temperatures were recorded three or four times at two -minute intervals 
The tests were all performed at normal room temperature. 


Results. 

The results of the skm temperature tests are given in table I 
In each case the figures represent the maximum difference of 
temperature recorded at that test The difference of temperature 
varied from one arumal to another and from time to time m the 
same animal, the mean difference being 3*77° 0 ±1*93° C (S E.). 
In practice it was often found that when first removed from the 
cages the temperature of the two feet was high, with comparatively 
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little difference between them, but m the couise of a few minutes, 
when the legs were extended for readings to be made, the temperature 
of the normal limb fell whilst that of the sympathectomised limb 
remained nearly constant The limb on the sympathectomised side 
was almost invariably warmer than its fellow and was never less 
warm This was taken as indicating that the operation had been 
successful m producing arterial dilatation during the course of 
the experiment 

In assessing the results of sympathectomy on the distribution 
of cholesterol lesions, the two experimental groups can be con- 
sidered together. 

Controls Among the eighteen control animals, one uas killed 
early to ascertain if the treatment had been sufficient to produce 
the desued result and was found to have no lesions m the arteries 
of the limbs The remaining seventeen all showed mtirnal cholesterol 
lesions on both sides The seventy varied from a feu scattered 
plaques, mainly at the ongms of branches, to severe confluent 
sclerosis With one exception, there was no detectable difference 
between the two sides m either the extent or the seventy of the 
lesions (fig ) In this single exception, the lesions as a whole uere 
scanty and were slightly moie numerous on the left side 

Experimental animals. The eighteen sympathectomised animals 
showed lesions of about the same order of severity as the controls, 
i e vaiymg from a few scattered lesions up to severe confluent 
sclerosis In fourteen of these the lesions on the sympathectomised 
(right) side were more numerous than on the opposite side and in 
nine the diffeience was striking (fig ) Of the four remaining 
animals one had no lesions m the vessels of the land limb, two 
had only very sbght lesions and the fourth had very severe sclerosis 
covering most of the mtirnal suiface on both sides 

Microscopically the lesions showed hpoid infiltration of the intima 
until local proliferation of connective tissue They differed m no 
way from those previously described by Anitschkow (1933) and 
therefore need no further description The material was examined 
for any possible qualitative difference between the two sides but 
none could be detected, either m the mtirnal lesions or m the 
underlying media 

The results of chemical analysis tend to confirm the anatomical 
findings (table II) The cholesterol value for the right limb in the 
sympathectomised animals was 0 24 per cent higher than that 
for the left limb, whilst the difference between the two limbs m 
the control animals was only 0 1 per cent The total amount of 
cholesterol present in the vessels was of a similar order in both 
experimental and control groups but the total fat values differed, 
being considerably greater m the control group This is probably 
explained by the state of nutrition of the animals In the sympa- 
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thectomised animals there was an average loss of weight of 152*2 g. 
whilst m the control animals there was an average gam of 59*4 g 
It is probable that m the latter the amount of adipose tissue 
unavoidably left attached to the vessels was greater than in the 
experimental series, m which the animals v ere less well nourished 

Table II 


Cholesterol content of arteries 



Toni tat 
(per cent ) 

Cholesterol ns 
iscrccntacc or 
total fat 

Cholesterol as 
percentntse of 
total Welch t 
of vessel 

Difference 
between two 
side- 



Right 

C S 

23 0 

1 58 



Sj mpathectomiscd 


side 






group 


Left 

0 2 

21 5 

1 34 


■ 0 24 



side 




J 
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Right 

11 1 

14 G 

1 05 



Control group 


side 





0 10 


Left 

10 2 

15 2 

1 55 





Hido 




j 



Discussion 

The above results indicate firstly that lumbai sympathectomy 
causes relaxation of the affected vessels as evidenced by a rise of 
skin temperature and secondly that such vessels are more susceptible 
to mtnnal cholesterol sclerosis than normal ones The mam interest 
of this hes m its bearing on the findings of other workers and its 
possible bearing on the setiology of human atheroma The most 
closely related work is that of Danisch (1927-28) who showed that 
the occurrence of eholesteiol sclerosis m the rabbit’s aorta was 
accelerated by removal of the ccehac ganghon Piesumably 
the mechanism there is the same as m the present experiment. 
Sckmidtmann (1932) observed that m rats treated with cholesterol 
and vitamin D, enforced exercise m a treadmill gave rise to cardiac 
hypertrophy and an increased incidence of coronary sclerosis as 
compared with controls Here it seems possible that a similar 
mechanism was at work and that the increased change m the 
coronary arteries was due to their being dilated m order to supply 
the overloaded heart In a previous paper the same authoi 
(Sclumdtmann, 1929) had shown that cholesterol sclerosis can be 
accelerated by the simultaneous administration of vitamin D 
Overdosage with vitamin D causes degeneration of the media with 
calcification and it seems possible that it was the weakness of the 
damaged media which facilitated the deposition of cholesterol m 
the mtima In this connection however it must be noted that if 
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eggs, and in rabbits by intradormni inoculation or by scarification of tlie 
shaved skin 

Sham 6 was isolated by Mi R E. Glover of tlio National Institute for 
Medical Research, Mdl Hill, m October 1937 from the scabs of typical lesions 
on an infected cow During a period of two months this strain hod been 
passed in the skm through five rabbits and subsequently tluough two 
rabbits by the testicular route A picco of infected tosticlo from tho last 
animal was received from Mr Gloi or and used ns a source of virus m the 
present work The material was kept at a tompcrature of 0°-4° C for four 
months beforo being used to inoculate developing eggs and guinea-pig pads 

Strain L was isolated by Sir John Ledingham m 1928 from fluid obtained 
from the vesicle on tho arm of a milker who had been infected from lesions 
on tho teats of cows on a farm m Somerset This virus had been passed 
frequently in rabbits at the Lister Institute between 1929 and 1932 Between 
1932 and 1938 infective rabbit material had been kept m glycerol m the 
cold and was then used to inoculate the skm of a rabbit. An elementary body 
suspension prepared from the skm lesions m a second animal by Dr C Russell 
Amies formed tho initial mfcctn e material used m these studies 

Strains of taccima virus 

St i am A H was obtained from a snmplo of commeicial sheep lymph 
Tho lymph diluted 1 100 was used to initiate cultures on developing eggs 
and from tho tlnrd subculture in soncs tho virus was used to inoculate guinea- 
pig pads and rabbit skm 

Strain S This was the Lister Institute vaccinia strain winch had been 
passed repeatedly by scarification on tho backs of rabbits and was supplied 
by Dr M H Salaman m the form of an olomentniy body suspension 

Strain A had been produced by passage through monkeys and rabbits of 
material from a case of human smallpox scon by Dr Amios m 1932 It was 
received from him m tho form of dried elementary body suspension prepared 
fiom rabbit skm lesions 

Culture of virus on the chono-allantoic membrane of developing eggs 

Where the initial infective mateiml was shown by culture on blood ngar 
to contam bactona it was suspended m broth and filtered through oitlier a 
Berkefeld V candle or a gradocol membrane Such bactona-frco filtrates 
contained sufficient virus to produce specific infections on the chorio-allantoic 
membrane of eggs Eggs wore usod after preliminary incubation for 10-14 
days and the technique described by Burnet (1936, pp 9-16) was followed in 
making tho inoculations Aftor 1-4 days further incubation at 36°-37° C, 
pieces of the mfoctod membranes were fixed for lnstology or usod to make 
smears and the remainder was rubbed up with a glass rod in 2 or 3 o o ol 
sterile broth After sedimentation 0 05 c c of the supernatant fluid, 
undiluted or diluted 1 100, was used to infect several fresh eggs and so 
cultures were earned on for many generations Where it was desired to 
obtain single colonies falling tenfold dilutions m broth were used for 
inoculation 

Inoculation of guinea-pigs 

The lesions produced by mtradermal inoculation of virus into the plantar 
skm proved eminently satisfactory for histological purposes When, as 
occasionally happened, signs of inflammation failed to appeal within three 
'days, re-inoculation usually resulted in a satisfactory “ take ” The animals 
were killed 3-18 days after infection and the pads and sometimes otliei 
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but ow mg to the lethal effects of the virus on the embryo m later 
passages, the fluid was diluted to approximately 1 100 from the 
30th subculture onwaids Titration on eggs was earned out with 
the 2nd, 10th, 34th, 42nd. 49th and 65th cultures, and gave 
approximate^' the same titre m each instance, 0 05 c c of a 10 -4 
dilution giving from 5 to 30 isolated lesions The 1st and 14th 
egg cultures produced typical lesions on mtradennal injection into 
rabbits, while the 20th and 68th cultures were infective up to a 
dilution of I0 _c when tenfold dilutions were tested in the same way 
The greater mfectmty for the rabbit in these latter instances may 
have been due to the fact that the suspension was made by grinding 
the membranes in a mortar with sterile sand and buffer phosphate 
solution, whereas for titration on eggs infected membranes were 
rubbed up w ith a glass rod in tubes containing 2-3 c c of broth 
Virus from the 18th, 2Gth 27th and 54th cultures on eggs produced 
lesions on guinea-pigs’ pads comparable to those produced by 
gumea-pig passage virus 

Appeal ance of the lesions The lesions on the egg membrane 
shoved the same characters throughout the senal cultures With 
the large inoculum usually employed the membrane showed after 
2 or 3 days’ incubation a diffuse opaque thickening, frequently of 
reticular appearance, with extensive lisemorrhage into the membrane 
Apart from the thickening and opacity due to ectodermal prolifera- 
tion. and cellular accumulation in the mesoderm, oedema of the 
mesodenn giving the membrane a thickened translucent appearance 
was common In some instances large bullous swellings up to 
1 cm in diameter were encountered, due to collections of fluid 
between the mesoderm and endoderm In older eggs it was 
not uncommon to find above the membrane a large collection of 
fluid which was sometimes clear but more often contained blood 
cells When titrations were made so as to obtain single colomes, 
these appeared as discrete raised opaque spots up to 3 mm m 
diameter with a central liEemorihagic area Fig 1 shows the 
appearance of isolated lesions on 12-day eggs inoculated with 
virus from the 34th serial culture and incubated for 4 days more 
These resemble the colomes described by Keogh (1936) for neuro- 
vaccinia Secondary colomes v r ere larely encountered in egg 
membranes, even after 4 days incubation. 

Histology Membranes examined after 24 hours showed extensivo 
proliferation of the ectoderm, frequently localised The mesoderm was 
usually oedematous but showod little cellular reaction apart from occasional 
proliferation of fibroblasts immediately subjacent to the thickened ectoderm 
Small areas of hajmorrliago were sometimes seen In sections stained by 
Mann’s long method or with eosm-orange G and methyl blue small eosinophil 
inclusions were to be seen in the cytoplasm of the proliferated ectodermal 
cells, especially in the deeper layers, and in one instance in the cells of the 
mesoderm These bodies varied m size from granules just visible with the 
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lulled for examination the inguinal glands on the affected side were 
usually enlarged, congested and cedematous, but obvious lesions were 
not found m the mtemal oigans 

Histology The appearance of sections of the pad losion after 3 
days is seen m fig 3 The whole opidormis was gicatly tlnckoned 
and tho needle tracks wcro usually recognisable just bolow the stratum 
comoum Immediately bolow tlio ncedlo tracks the groator part of tho 
epithelial layer was replaced bj' coagulated fluid and fibun, but this \ esicular 
area was crossed by irregularly disposed strands of distorted opitliolinl cells 
Around tlio central area tho opithchal cells w ore enlarged, although vacuolation 
and ballooning degeneration were not commonly seen. Numerous slinrply 
defined inclusion bodios with characters similar to thoso seen m infected 
egg membranes wore present, especially m tho deepor ports of tho malpiglnan 
layer (fig 4) and also in tho epithelial strands extending into tho central 
area of oedema In somo cells a singlo largo inclusion occupied tho greater 
part of tho cytoplasm, tho nucleus being pusliod to one side, wlnlo othor cells 
contained ns many ns 7 oi 8 smaller inclusions At this stage tho reaction 
in tho dermis was usually Rhght An increase of mononuclear cells and 
fibroblasts was usually seen around tho vcssols m the papillary zone and tho 
endothelium of tho \ essels was gonorally prominent Hemorrhage oxtending 
into tho malpiglnan layei was a common finding Unless bacteria had boon 
present m the inoculum, infiltration of tho opidormis or dermis with poly- 
morphonucleoi leucocytes was not a feature of tho lesion 

In pads examined after G or 7 days, nrcas of oedema m tho epideimis 
had generally spread so that tliroughout tlio whole breadth of the pad the 
middlo layer of tho epidermis showed moroly strands of cells and fibnn 
crossing the vesicular men Hamorrhago into tho malpiglnan layers was 
always present at tins stage and blood cells were to bo found in the oedema 
fluid in the upper part of the lesion Tho inclusion bodies wore usuallj 
Inigo and practically filled mnnj cells m tho nialpighinn lajei Tho nuclei 
of these colls, though often normal m appeal nnco o\en when largo inclusions 
were present, sometimes showed commencing pyknotic change. Tho vascular 
and cellular reaction m tho dermis had increased A certain number of 
polymorphonuclear cells wore present in tho region of tho papilla;, although 
in tho absonco of bacterial infection infiltration with theso colls was novel 
striking Inclusion bodies wore not found m tho dermis In one animal 
killed 18 days after mfoction the oedema had disappeared but tho opidormis 
was still markedly thickened Slight infiltration with degonornted poly- 
morphs was seen at a fow points but no inclusion bodios were to bo found 
The dermis showed numerous fibroblasts and recently formed capillaries 

In the skin lesions the changes were of tlio same nature Typical 
cytoplasmic inclusions were present m tho greatly tlnckoned opidormis and 
m tho epithohum of tho hair follicles A superficial inguinal lymph gland 
from an animal killed 4 days aftoi mtiadermal injection of vnus into the 
flank show r ed marked oedema and congestion In a few largo macropliago 
colls at ono point appearancos resembling cytoplasmic inclusions wore seen 
In sections of spleon and liver fiom two animals no gross changes were 
apparent nor were specific inclusions identified In one animal which had 
boon injected both in tho plantar skm and in the flanks, small papular losions 
developed m one fore pad and on the upper lips , these were not examined 
histologically , 
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dormis Tlio opidermis was markedly hypertrophied, the epithelium of 
.c sebaceous glands and hair follicles being also affected. The cells were 
frequently enlarged and m some instances there were spaces between them 
due to oedema Numerous cytoplasmic acidophil inclusions wore present 
m tho epidermis, particularly in the malpighian layers, hnir follicles and 
sebaceous glands Thoso inclusions were similar to those seen m sections of 
infected egg membrano or guinea -pig pads In tho dormis hremorrhages were 
always prosont, especially m the superficial papillary /one The endothelium 
of blood vessels was unduly prominent and m tho fibrinous extidato which 
occupied much of the conti al part of tho lesion largo phagocytic colls wore 
commonly seen Many of those cells and some of the endothelial colls lining 
thm-wallcd vessels m the dermis showed one or moio large inclusion bodies 
The central area of oedema with fibrinous deposit was usually bounded by a 
zone of marked ccllulai infiltration which extended to and involved the 
panniculus camosus In this area tho reaction was similar to that described 
and depicted in vaccimal lesions m tho rabbit by Ledmgham (1924) 
Infiltration with polymorphonuclear cells was not a feature at this stage 

In sections taken after G or 7 dajs the epidermis m the centre hod 
generally undergone necrosis and w r as infiltrated with polymorphonuclear 
colls Numerous inclusion bodies could, however, bo seen m tho thickened 
epithelium bounding tho necrotic zone Hromorrlmge in tho dermis was still 
a prominent feature and some of tho \ ossels showed thrombosis. Cellular 
infiltration had increased, particularly around the vessels in the control zone 
of oedema and fibrinous deposition As before, largo inclusions wore present 
in tho cells throughout the central area and in a few- sections inclusions were 
scon m histiocytes in the inflammatory tissuo below’ tho skin muscle Poly- 
morphonucleai leucocytes wore never the predominant colls m the exudate 
but tended to be mo ro numerous jn the superficial layers of the dermis 
By tho 12th day tlio epitliohum m the centre was completely nocrosed and 
a dense zone of cellular infiltration was piosent, walling off the central part 
of the lesion m the dormis After 20 dnjs the centre of tho lesion was being 
invaded by fibroblasts and tho reaction around this nroa ga\ o the appearnneo 
of granulation tissue Inclusion bodies were still to bo seen in large cells m 
the central area 

Tho losions m the eyelids of certain animals following mtradormal injection 
of virus W'ere similar m histological appoarance to thoso wlucli developed 
m a rabbit infected by the mtravonous route and are described later In 
two of four corneas which showed opacity during life inclusion bodies were 
seen in localised areas of opitliohal proliferation Tho epithelial cells were 
slightly enlargod but thoro was little inflammatory reaction m the cornea 
The inclusion bodies wore few in number and smaller than those seen m 
well developed skin lesions 

Lesions produced by inoculation on the scarified skin of labbits 
As a rule no reaction w as obvious 24 hours after cutaneous inocula- 
tion, but on the second day there was slight thickening and redness 
m the scarified area After 3 days papular lesions had developed 
These tended to be discrete rather than confluent, w r ere of a bright 
red colour and on the 4th or 5th day were darker red and frankly 
haemorrhagic When vesiculation was observed the vesicles were 
very minute 

Histology In three-day lesions the epidermis showed marked hyper- 
trophy, being frequently G-8 cells thick The cells were often greatly enlarged 
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cells Many of the mesodermal colls contained ono or more inclusions and 
these wore' particularly numorous in fibroblast-liko cells near tho central 
cartilage of tho car In lesions of tho eyelids specific changes in tho surface 
epithelium •were seen only on tho palpebral conjunctiva, although in places 
tho meibomian glands were involved in tho inflammatory process Numorous 
inclusions were present, not only in tho greatly hypertrophic conjunctival 
epithelium but m scattered foci in tho meibomian glands Sections of tho 
spleen, liver and kidnovs show ed no spocific changes 

Cowpox virus, strain G 

Material from infected rabbit testicle supplied by Mr Glover 
■was used to initiate cultures on the chono-allantoic membrane 
of developing hens’ eggs The virus uas carried through 36 serial 
passages in this nay The naked eye appearance and histological 
features of the lesions on the membranes -were exactly like those 
seen with strain B, the stiucture and distribution of the inclusion 
bodies being identical The infected membranes of the 4th, 10th, 
20th and 22nd cultures on titration on eggs gave 5-30 colomes 
until 0 05 c c of 10~ 4 dilution and these had the appearance shown 
m fig 1 The lesions produced by inoculation of the original 
material and of the 25th egg culture virus on gumea-pig pads were 
identical, on naked eye and microscopic examination, -with those 
produced by strain B Figs 5 and 6 are microphotographs of 
lesions produced by strain G on rabbit s skin 

Intravenous injection of strain G into rabbits 

Two rabbits, G 17 and G 18, were injected intravenously with 
1 0 c c of elementary body suspension which wns infective m the skin 
in a dilution of 1 1,000,000 Tho suspension had been stored under 
ether for a few days and from 04 cc a few colomes of white cocci 
grew on blood agar Two further animals, G67 and G6S, were 
injected until 1 0 c c of another elementary body suspension winch 
was infective for rabbits in a dilution of 1 10,000,000 and on 
culture gave no growth of bacteria on blood agar Twenty-four 
hours after injection a small area on both flanks of each rabbit was 
shaved and that on the right side was lightly scarified 

Rabbit G 17 developed conjunctivitis and 5 days after injection 
showed inflammatory thickening of the eyelids of both eyes and 
opacity of the right cornea No lesions were visible on the ears, 
flanks or hps, but next day the animal appeared very ill and was 
lulled No obvious lesions were present m the internal organs 
Sections of the eyelids showed typical lesions on the conjunctival 
surface The cornea showed some degree of proliferation of the 
surface epithelium but specific inclusion bodies were not seen 
No definitely specific lesions were seen in sections of the other 
tissues or organs 

Rabbit G 18 shoued after 4 days a few red papules on the outer 
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Cowpox strain L. 

This strain had been isolated m 1928 and was supphed in the 
form of an elementary body suspension by Dr Amies The virus 
was used to infect egg membranes (4 passages) and guinea-pigs 
by pad inoculation The lesions on egg membranes were identical 
-with those produced by strain B and fig 2 was prepared from a 
section of the first egg membrane infected with this strain The 
lesions on guinea-pig pads produced by the ongmal suspension or 
by egg culture material ivere typical of these cowpox viruses 
Rabbits were not inoculated with this strain but sections of the 
lesion produced m the skin of a rabbit by the ongmal human 
vesicle fluid, kindly placed at my disposal by Sir John Ledmgham, 
and sections of later rabbit material supphed by Dr Amies showed 
the same appearance as that produced by the other two cowpox 
strains 


The inclusion bodies produced by cowpox virus 

In sections of mfected tissue the cowpox inclusion bodies 
whether large or small shoved no internal structure with the 
staining methods used They stained pale homogeneous pink to 
bright red with hamiatoxylm and eosm, Giemsa, Mann’s stain, or 
eosm, orange G and methyl blue, a deep red with acid fuchsm and 
methyl green and a blue-black colour, frequently with the margin 
shading off to a pale pink, with eosin-oiange G and toluidm blue 
With Heidenhain’s iron hasmatoxyhn the bodies stained uniform 
light grey to jet black according to the degree of differentiation 
of the section No staining with Scharlach R was obtained m 
frozen sections after formalin fixation nor did the inclusions 
blacken m small pieces of tissue fixed m Gatenby’s modification of 
Flemming’s solution 

In smear pieparations fixed until methyl alcohol prolonged 
staining with dilute Giemsa showed in successful preparations that 
the inclusion bodies contained numerous l eddish to reddish violet 
elementary bodies which could best be seen around the edge of the 
inclusions The finely granular structure of the inclusions could also 
be made out by examination of fresh unstained teased preparations 
or frozen sections by dark ground illumination Free elementary 
bodies in vesicle fluid or in purified suspensions were readily 
demonstrated m wet preparations by dark ground illumination 
or m smears stamed with alkaline methyl violet , m either case 
the free elementary bodies from cowpox material were indistinguish- 
able from those of vaccinia 
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Cultures on the chono-allmtoic membrane of hens' eggs . 

Egg membranes infected with these three strams differed in 
appearance from those infected with the eowpox strams in that 
they never showed the haimorrliagic character so typical of the 
latter virus. In all egg membranes with strams A H and A and up 
to the 20th culture with strain S, the membranes were frequently 
congested but did not as a rule show obvious htemorrhages After 
the 20th culture of strain S haemorrhages were sometimes seen 
but they were never so extensive as m membranes infected with 
the eowpox strains. Collections of fluid above the membranes 
were infrequent and large bullous elevations were not encountered. 
Large single lesions were not so readily obtained because of the 
tendency to form smaller secondary colonies and the frequent 
generahsation of the takes after 3 days Fig 9 shows the lesions 
on a 3-day membrane of the 21st subculture of strain S from an 
inoculum of 0 05 c.c of a I0~ s dilution of the previous culture The 
colonies tended to be less elevated, the edge was spreading and 
small daughter colonies were present. The dark luemorrhagic 
centre characteristic of eowpox lesions was not a prominent feature 
The vu’ulence of the vaccinia strains was apparently greater, as 
indicated by the more frequent death of the embryo after 2 or 3 
days and the spreading nature of the infection produced by high 
dilutions of virus Titration of the 20th, 21st and 31st egg cultures 
of strain S showed good takes with 10~ 5 dilution and m the first two 
instances with the 10~° dilution as well 

Histology The membranes infected with vaccinia showed much earlier 
degeneration of the proliferated ectoderm and ballooning degeneration with 
detachment of swollen colls was commonly observed In sections of threo dev 
lesions the mfocted ectodorm had been lost in places, uncovering the meso- 
derm Haemorrhages m the mesoderm were soon especially m later cultures 
of strain S, but they wore nov or so cxtensiv c as m membranes infected with 
eowpox virus Infiltrating colls m the mesoderm frequently showed necrosis, 
and granular leucocytes woro by no moans uncommon m the exudate The 
inclusions with all three vaccinia strains vveie alike and quito different from 
the sharply defined oval or circular inclusions of eowpox They weio usually 
confined to cells m the ectodorm, although m some three-day membranes 
mesodermal cells also showed acidophilic material similar to that seen m the 
ectodermal colls The granular acidophilic material was sometimes present 
as a single mass at one side of the cell but was frequently distributed 
throughout the cytoplasm (fig 10 was prepared from a threo-day culture 
after 34 passages of strain S) The inclusions appeared to bo less strongly 
acidophilic than the bodies of eowpox and were moie readily demonstrated 
with eosm-orange G and methyl blue than with Mann’s stain 

Vacamal lesions m guinea-pigs. 

The inoculated pads usually showed an inflammatory reaction 
after 24 hours and after 48 hours the swollen pads were usually 
of a pale pink colour By the 3rd or 4th day they had an opaque 
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of the lesions following intravenous inoculation of cowpox virus was 
like that observed by Camus m rabbits injected intravenous^ with 
vaccinia virus from calf lymph, and was much less extensive than 
that shown bj’’ neurovaccinia (Douglas, Smith and Price) 

The inclusions produced by vaccinia virus 

As noted above the inclusions produced bj' the three vaccinia 
strains appeared as inegular granular masses m the cytoplasm of 
infected cells quite unlike the large sharply defined homogeneous 
inclusions characteristic of the cowpox strains That this appear- 
ance of the vaccinia inclusions was not the result of continuous 
rabbit passage was shown by the fact that strain AH on first 
isolation from commeicial sheep lymph, produced the same type 
of inclusions Under suitable conditions of illumination and 
magnification the acidophil granular masses could be resolved into 
numerous minute rounded granules which had the size and appear- 
ance of elemental y bodies Occasionally, largei uniformly staining 
bodies up to about 3 y in diametci were present m addition to the 
granular masses These bodies probably correspond to the “ kugehge 
KOrpei ” described and depicted bj r Herzberg (1936) and believed 
by lnm to be small aggiegations of elemental bodies Under 
certain conditions, howevei, vaccinial inclusions are commonly 
present in the foim of regular evenly staining oval or round acidophil 
bodies (see Pasclien, 1930) Such forms are typical of coineal 
infection m the labbit and have been observed m vaccinial infection 
of the calf and m human variola and vaccinia, but it should be 
emphasised that such Guarmeri bodies aie always much smallei 
than the largei cytoplasmic inclusions chaiacteristic of the thiee 
cowpox stiams used in this woik 

It will be evident that although the general nature of the lesions 
pioduced by the two types of virus was similar, the differences uere 
sufficiently constant and distinctive to allow differentiation to be 
made On macroscopic examination the haunorrhagic nature of 
the lesions caused by the cowpox strains was the chief distinguish- 
ing feature and on microscopic examination sections of vaccinial 
lesions showed a greater tendency to cellular necrosis, polymorpho- 
nuclear cells were more frequent m the infl amma tory exudate and 
the inclusions were quite different m appearance from those associated 
with infection by the cowpox strains In suitably stained sections 
the morphology of the inclusions was of itself sufficient to enable 
one to decide whether vaccinia or cowpox virus had been the 
infecting agent 

Discussion 

Observations made m the course of this work on the inclusion 
bodies produced by cowpox virus indicate that these, like the 
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of the lesions following intravenous inoculation of cowpox virus was 
like that observed by Camus m rabbits injected intravenously with 
vaccinia virus from calf lymph, and was much less extensive than 
that shown by neurovaccima (Douglas, Smith and Price) 

The inclusions produced by vaccinia virus. 

As noted above the inclusions produced by the three vaccinia 
strains appeared as megular granular masses in the cytoplasm of 
infected cells quite unlike the large sharply defined homogeneous 
inclusions characteristic of the cou r pox strains That tins appear- 
ance of the vaccinia inclusions was not the result of continuous 
rabbit passage was shown by the fact that strain AH, on first 
isolation fiom commercial sheep lymph, produced the same type 
of inclusions Under suitable conditions of illumination and 
magnification the acidophil granular masses could be resolved into 
numerous minute rounded granules which had the size and appear- 
ance of elementary bodies Occasionally, larger uniformly staining 
bodies up to about 3 y. m diameter were present m addition to the 
granulai masses These bodies piobably correspond to the “ kugehge 
Kbrpei ” described and depicted by Herzberg (1936) and believed 
by him to be small aggiegations of elementary bodies Under 
certain conditions, lion ever, vaccmial inclusions are commonly 
present m the form of regular evenly staining oval or round acidophil 
bodies (see Paschen, 1930), Such forms are typical of corneal 
infection in the labbit and have been observed m vaccmial infection 
of the calf and m human variola and vaccinia, but it should he 
emphasised that such Guarmen bodies are always much smaller 
than the larger cytoplasmic inclusions characteristic of the three 
cowpox strains used m this work 

It will be evident that although the general nature of the lesions 
produced by the two types of virus was similar, the differences were 
sufficiently constant and distinctive to allow differentiation to be 
made On macroscopic examination the lnemorrhagic nature of 
the lesions caused by the cowpox strains was the chief distinguish- 
ing feature and on microscopic examination sections of vaccmial 
lesions showed a greater tendency to cellular necrosis, polymorpho- 
nuclear cells were more frequent in the infl amm atory exudate and 
the inclusions were quite different m appearance from those associated 
■with mfeotion by the cowpox strains In suitably stained sections 
the morphology of the inclusions was of itself sufficient to enable 
one to decide whether vaccinia or cowpox virus had been the 
infecting agent 

Discussion 

Observations made in the course of this work on the inclusion 
bodies produced by cowpox virus indicate that these, like the 
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for the endothelial cells lining blood vessels The lesions produced by 
the strains of coivpox on egg membranes and in the skin of rabbits 
bear a certam resemblance to those produced by neurovaccinia as 
described by Buddmgh Although no strain of neurovaccinia Avas 
used m the present Avork the records of Buddmgh and others 
indicate that, m contrast to the coivpox strains, neurovaccinia is 
more mrulent for cluck embryos and for rabbits, its lesions are 
more frequently accompanied by cellular necrosis, and the tj r pe of 
inclusion is the same as that seen ivitli dermal strains of vaccima 
During the time the three coAi r pox strains have been undei 
investigation there has been no tendency toivards transformation 
to vaccima , the character of the lesions and the appearance of the 
inclusion bodies liaA r e remained constant. The possibility remains, 
of course, that on more prolonged propagation of these viruses 
under laboratory conditions such change might occur 

The serological investigation of these viruses has not yet been 
completed, but the evidence at present available suggests that the 
differences indicated by the comparative study of the lesions are 
associated ivith certain differences m the antigenic make-up of 
these coAvpox and vaccinia Anruses 

Summary 

The lesions produced by three strains of coAvpox virus on the 
chono-allantoic membrane of developing eggs, m guinea-pigs and 
in rabbits, are described and compared with lesions produced under 
the same conditions by vaccinia virus 

Egg membranes infected AVith coivpox ami us shoved extensive 
proliferation of ectodermal and mesodermal cells, haemorrhage and 
oedema in the mesoderm and the presence of large, compact, acido- 
phil cytoplasmic inclusions in the cells of ectoderm, mesoderm and 
occasionally endoderm Infected guinea-pig pads and rabbit slim 
shoAved oedema and hypertrophy of epidermis and haemorrhage in 
the dermis In the proliferated epidermal cells in both animals 
and in mesodermal cells in the rabbit, inclusion bodies of the type 
seen m egg membianes Avere always present Secondary lesions 
in the skin, mucous membranes and testicles of rabbits infected 
by the mtracutaneous or intravenous loute shoAAed the same 
characters as those seen in primary skin lesions 

In vaccimal lesions cellulai necrosis Avas more marked and 
occurred earlier, Avlule haemorrhage avus not a conspicuous feature 
The inclusions appeared as irregular acidophil granular masses m 
the cytoplasm of infected cells , they Avere much less frequently 
seen in fibroblasts or other cells of mesodermal origin 

The difference in the form of the inclusion body associated 
with the two types of virus infection is discussed m relation to the 
differences observed in the histology of the lesions 
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suggested by von Prowazek (1905, 1912 , von Prowazek and 
Miyaji, 1914-15) It is the only tenable one at present, m view of 
the work of Goodpasture and Ins collaborators There are how- 
ever two forms of this theory One of these supposes that the 
inclusions are intracellular colomes of the elementary bodies. The 
work of Woodruff and Goodpasture (1929, 1930) had shown that 
tlus was almost certainly true of fowlpox virus, Herzberg (1933-34) 
demonstrated that it was true for canary-pox, and Bedson and 
Bland (1932) and Bland and Canti (1935) proved it for psittacosis 
By inference therefore it was natural to assume that the vaccmial 
inclusion body was of the same nature 

Other investigators have contested this theory Haagen (1937 , 
Haagen and Kodama, 1937) and Herzberg (1936 a and b) botli 
claim that in vaccinia the elementary bodies multiply diffusely 
throughout the cell Haagen considers that their presence m the 
inclusions is accidental and that they aie found there only because 
they occur m any part of the cytoplasm The inclusion body cannot, 
he saj's, be regarded as a virus colony Heizberg takes a less 
extreme view He thinks that the inclusions are a form of virus 
colony and that the elementary bodies aie an integral part of 
them At the same time he believes that this type of growth is 
not a necessity for the virus and considers that both the diffuse 
and the colonial form of multiplication can occur simultaneously 
in the same cell We beheve both these theories to be erroneous 
We consider that the evidence we shall describe m this paper 
re-establishes the original theory of von Prowazek on a new and 
firmer basis and shows that the inclusion body is an integral stage 
m the life history of the virus 

Technique 

Contemplation of the history of the controversy we have just described 
convinced us that it could only have persisted so long through failure to 
apply to the problem a teclmique adequate for its solution Bland and 
Canti had demonstrated the possibility of observing the process of intra 
cellular development and multiplication of a virus in the living cell and 
Nauck and Robinow {1935-36} had shown that the mclusion bodies of vaccinia 
can be readily studied m cultures of rabbit’s cornea Accordingly wo set 
ourselves to combine these two techniques m the study of vaccinia We 
soon found, however, that the early stages m the formation of the inclusion 
bodies were so nearly invisible in the bvmg cell, both by dark ground and 
direct illumination, and so difficult to distinguish with certainty from other 
cytoplasmic structures that we had to abandon the attempt We were 
thus forced back on some method of studying the process m stained specimens 
The work of Bedson and Bland had shown the vital importance in studies 
of this kind of relating the morphological findings m fixed preparations to 
the intervals of the dynamic time-sequence of the process of infection We 
considered therefore that any method we adopted must first of all enable 
us to date with accuracy the actual moment of infection of the cells an 
then to make a series of comparable preparations at various interva s 
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extremely transparent — a point ot lmpoitanco m dealing with whole mounts 
in which the colls aio mostly somewhat tlnckoi than in smeniy (6) It stains 
both elementary and inclusion bodies (c) It gi\ es a colour contiast botweon 
the cytoplasm and cytoplasmic gi armies, which stain blue, and the olcmontary 
and inclusion bodies, which stain m shades of reddish purple Upon this 
depends the possibility, extremely important for this work, of recognising 
elementaiy bodies when only vory fow nro present m a coll It is important 
also for the recognition of inclusion bodies, smeo thero arc some forms of 
these so diffuse that when stained with Victoria blue they cannot bo 
distinguished from local condensation of cytoplasm Their pink colour 
with Giemsa’s stain at onco reveals their true nature 

Counting experiments . 

Tho examination of n iery largo number of preparations from experiments 
made by this technique showed that infection of comcal cells with vaccinia 
v irus m this w ay is followed by tho formation of a variety of typos of inclusion 
body which wo shall presently describe Tlioso types succeed ono another 
during tho hours immediately following infection in a regular sequenco so 
that at any given moment ono pnxticulni typo forms tho majority of the 
inclusions present While this preponderance of ono typo at a particular 
time is obvious at a glance it is not absolute and therefore wo thought it 
advisnblo to linvo some numerical data on the subject To obtain this wo 
made what wo call “ counting experiments ” m wluch ench preparation of f 
a scries was counted through as m doing a differential loucocyto count on a 
blood film Tho colls wero thoroughly scrutinised for tho presence of 
elementary bodies and the number of theso and of tho various types of 
inclusion body m oacli cell was noted Counting was continued until 100 colls 
had boon encountered containing ono or tho othor or both, and at the same 
time a note was made of cells containing noithor Tho details of tho tcchniquo 
are discussod in the appendix , tho results are analysed in tables I and II 
They form our chiof evidence and nro tho basis of much that follows 

Results 

In addition to the formation of the specific inclusion bodies 
two other changes follow infection which may perhaps be termed 
semispecific, both of winch have been described by Nauclt and 
Robinow 

Breaking up The first of these changes, the breaking up of 
the uniform sheet of cells into clumps and individuals, is caused 
by a contraction of the cytoplasm which results in the cells assum- 
ing fantastic shapes Usually the mam body of the cell around 
the nucleus is condensed into a narrow string which remains 
attached to the coverslip at its ends by broad fan-like expansions 
of cytoplasm (fig, 1) A similar phenomenon is sometimes produced 
by feeding cultures with a drop of fresh medium or tyrode, but the 
pattern produced is different Thick cords and ribbons of cells 
are formed and the typical contracted cells with fan-shaped expan- 
sions are rarely found. Moreover such normal cultures lapidly 
spread out again in the course of an hour or so and re-form a uniform 
sheet Infected cultures usually seem unable to do this and remain 



Plate XLEH 


Fig 1 — Breaking up of epithelial sheet into fan-shaped colls 1J hours XllO 

Figs 2a and 2b — Nuclear buds of (a) a homogeneous and (b) a fluffy appearance 

1 hour X 030 

Fig 3 — Elementary bodies and a round object (arrow), slightly larger ns veil as 
more deeply stained than elementary bodies, m much flattened out cell Fart 
of the nucleus is seen below 1 £ hours X 1730 

Fio 4 — Apparent transition botw cen elementary bodies and small homogeneous 
bodies m fan-sliaped process of coll Tho two largest homogeneous particles 
proved to bo Feulgen-positive 1J hours x 1730 

Fro 5. — Small homogeneous bodies in much flattened out coll !■£ hours X 930 

Figs 6a and 66 — Largo homogeneous bodies, (a) stained with Giemsa’s solution, 
(6) treated after Feulgen Nucleus and inclusions are seen to have gi\cn a 
positive reaction 4 hours x 930 

Fig 7 — Apparent transition between large homogeneous bodies and small nets orks, 
the latter fluffier and staining a lighter shade than tho homogeneous bodies 

2 hours x 930 

All figures uliere not otherwise stated are photomicrographs of cells from rabbit 
cornea cultures fixed as whole mounts in osmic acid vapour and stained with 
Giemsa’s solution The time given m hours is the interval between inoculation and 
fixation 
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little or no trace of purple They often occur m company with the 
large homogeneous bodies, as m fig 7, and indeed all stages inter- 
mediate between these types can be found We have found a single 
one as early as V, hours after infection The largest number found 
in a single cell is 21 

Medium networks (figs 8 and 9). These attain their maximum 
still later (table I expt II, 3 and 4 hours , expt III, 51 hours , 
expt IV, 6 hours , expt V, 7 hours , expt VI, 10 hours) They 
are similar to the small networks but are larger, stam less densely 
and have a still more fluffy appearance As with the preceding 
types intermediate forms occur (fig 8) The larger inclusions of 
this type are less homogeneous than the small networks and appear 
to consist of two substances, a slightly gianular or leticular ground 
substance staining pink oi red, and irregular lumps or rod-shaped 
masses staining deep bluish-purple Often two or more of these 
medium networks appeal to be fusing together to form a larger 
body (fig 9) They are often solitary and the maximum number 
we have found m a single cell is 7 The earliest u e have found them 
is at 2 hours and they usually leach then maximum between 4 and 
10 hours aftei infection 

Large networks (figs 10-14) These usually make their first 
appearance about seven liouis aftei infection, though we have found 
a few as eaily as the third horn They appeal to increase steadily 
in number theieaftei up to the tv enty-fourtli horn, by which time 
they attain their maximum (table I expts II and VI) They 
are very sunilai to the medium networks and indeed the two types 
shade off into one another They contain the same two types of 
substance, but the deep puiple material, as well as occurring m 
lumps and rods, is sometimes split up into a larger number of small 
granules which may be no larger than elementary bodies, while 
the pmk matrix is more diffuse and granular These large networks 
may fill a large part of the cytoplasm and are usually found partially 
embracmg the nucleus The larger they are the more diffuse tlieir 
ground substance appeals, so that the largest are often hardly more 
dense than the cytoplasm When, as sometunes occurs, they contain 
little or none of the deep purple substance, they are only to be 
distinguished from the cytoplasm by their pmk colour (figs Hi 
15a, 156 and 15c) This is the type of mclusion wluch we have 
said is difficult to identify m preparations stained with Victoria 
blue Large networks are more varied in appearance than the 
other types They are almost always sohtary and we have never 
found more than two m a cell 

Study of table I, with the exception of expt VII, interpretation 
of which we must defer until we have discussed the relationship ot 
the elementary bodies to the inclusions, shows clearly the sequence 
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Fig 8 — Apparent transition botwocn small and medium notuorks 2 hours 
X930 

Fig 9 — Largo medium network, suggest i\ o of coalcsccnco of three smaller forms 
0 horn’s x 930 

Fig 10 — Largo notwork embracing nucleus Liko tlio inclusion from the forcgomg 
flguro this network is seen to contain somo granular material staining differently 
from tlio ground substance 15 hours x 930 

Fig 1 1 — Largo ill defined network to tlio left of the nucleus Groups of elementary 
bodies m tlio fringes of tlio cell 20 hours X 030 

Figs 12-14 — Examples of medium and largo networks more highly enlarged than 
tho foregoing so\on figures to show varying appearance and arrangement of 
purple staining material embedded in tho more or less homogeneous ground 
substance of tho inclusion 

Fig 12 — 15 hours X1730 

Fig 13a — Giomsa’s stain 20 hours X1530 

Fig 136 — Tho colls of fig 13a treated after Foulgen. A positn e reaction 
is given by tlio rod shapod material msido tho largo inclusion nnd by tho 
transitional form between largo homogeneous body nnd small notwork to 
bo soon m tho upper right hand comer An extremely faintly positn o 
reaction is given by tho matrix of tho largo inclusion Tlio illustration 
is a rathor inadequate representation of tho dolicato but distinct colour 
contrasts in tho actual preparation 20 hours x 1030 

Fic 14 — Largo notwork containing long twisted lumps of purple material 
At a different lo\ cl of focus and not visible hero three elementary bodies 
could bo neon m tho ponpliory of this inclusion w hen study ing tlio actual 
preparation 0 hours X 1530 
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of appearance of the various types. This is more clearly seen m 
the columns m which the figures are given for the number of cells 
contaimng each type than m those giving the total numbers, because 
the earher appearing inclusions are more often multiple Never- 
theless the general drift from small homogeneous bodies to large 
networks is apparent in both What is the reason for this drift * 
We consider that it is most satisfactorily explained by the assump- 
tion that the different types of inclusion are genetically lelated 
and that the small homogeneous bodies develop into the large 
networks by way of the other types ivlnch are the intermediate 
stages This hypothesis is supported by the fact that nowhere can 
a hard and fast line be drawn between any of the types and that 
transitions can be found between them all The process by which 
this growth occurs we believe to be threefold In the first place 
genuine increase in bulk occurs , secondly there is a progressive 
deciease m the density of the pmk component of the inclusions as 
shown by their increasing paleness and flufftness , thirdly there is 
growth m size by coalescence It is not possible to decide the 
relative impoxtance of these three factors. Study of the figures 
given m the last five columns of table I suggests that up to the 
foimation of the small networks coalescence does not play a very 
great part in the process of growth but that it is of considerable 
importance in the formation of the medium and large networks 


Staining of the inclusions and elementary bodies 
with Fculgcn’s stain 

Milovidov (1933-34) and Haagen and Kodama (1937) have stated 
that vaccmial inclusion bodies aic Feulgen-positive This we can 
confirm, but we find that a piogressivc deciease occurs in the depth 
to which the inclusions stain through the series of types Both 
kinds of homogeneous body stain as deeply as the nuclei of the 
cells, the small networks aie paler, while the medium and large 
netwoiks become progressively fnintei as they increase m size 
until a stage is reached when they must be regarded as Feulgen- 
negative It will be recalled that a similar though less pronounced 
fading away occurs with Gicmsa’s stain and we prefer to ascribe it 
in both cases to a progressive decrease m density of the ground 
substance rather than to a change m its nature Even m those 
large networks that are Feulgen-negative the deep purple rods and 
granules remain Feulgen-positive (figs. 13a and 136) 

Haagen has also stated that the elementary bodies are Feulgen- 
negative and this too we can confirm Furthermore, they remain 
negative even when the modified technique is used by which 
Epstein, Ravich-Birger and Svmkma (1936) obtained positive 
results with tubercle bacilli 



Table II Time, relationships in the occurrence of elementary bodies and the 
various types of inclusion bodies in infected cells 


Experiment 
number 
and date 


Hours 

after 

infec- 


Xo of cells containing 
clcmentarj bodies 


Degrees of infection 


No 
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number 

a 

a 

+ + + 

IB 

SH 

m 

XI 

X2 

X3 

I 

1* 

55 

49 

6 

0 

3 

2 10 

51 

47 4 0 
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10 0 

0 

0 0 0 

0 

0 0 0 
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2i 
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6 

4 

4 

1 







0 0 0 

6 0 0 

4 0 0 

4 0 0 

1 0 0 
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24 

19 

5 

0 

19 

15 4 0 

5 

4 1 0 

0 

0 0 0 

0 

0 0 0 

fflp 


II , 

2 

2 

2 

0 

0 

2 

2 0 0 

2 

2 0 0 

0 

0 0 0 

0 

0 0 0 

HH 


27 10 37 

3 



0 


0 

0 

1 

2 

2 






0 0 0 

0 0 0 

1 0 0 

2 0 0 

EOj 

■iviij 


24 

95 

17 

24 

54 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 

95 

17 24 54 

III 

7 2 38 ' 

H 

23 

14 

8 

1 

3 

2 0 1 

ID 

12 7 0 

2 

2 0 0 

2 

1 1 0 

0 

0 0 0 


H 

1 

0 

1 

0 

0 

0 0 0 

1 

1 0 0 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 



H 

2 

2 

0 

0 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 
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2 

62 

38 

24 

0 

25 

14 11 0 

36 

24 12 0 

. 5 

4 10 

2 

1 1 0 

0 

0 0 0 
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0 

0 

0 

0 

0 
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0 

0 0 0 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 

SO 


6 

1 

1 

0 

0 

0 
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0 

0 0 0 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 
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4* 

2 

2 

o 

0 

2 

2 0 0 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 

Bu 

V 

24 1 38 

7 

8 
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3 

0 

2 

0 2 0 

3 
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3 
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12 

3 

1 2 0 

1 
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0 0 0 

2 
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42 
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14 
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6 
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7 
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2 0 0 

2 
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24 

52 
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12 
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1 
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23 
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3 

0 
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1 
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0 

0 0 0 

1 

1 0 0 

0 

0 0 0 

0 
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0 
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1 
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0 
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2 
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0 
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18 

7 9 2 

23 

6 8 9 

60 

2 9 <9 
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11 

19 

27 
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9 

52 

0 

0 0 0 

6 

13 2 

2 

2 0 0 

3 

3 0 0 

0 

0 0 0 

3 

3 0 0 

fKfl 

■ 

0 2 0 

1 

0 0 1 


Contractions as m table I 

4- = 1-6 elementary bodies 

+ 4- = moderate numbers of elementary bodies ns m fig 16 
+ -}-+= large numbers of elementary bodies as in fig 11 
In the last six columns the upper figure gives the total number of cells contammg 
the given type of inclusion body m association with elementary bodies, the jo 
three figures indicate the number of cells showing each degree of _mfection 
elementary bodies Thus in expt I, at 1 J hours, column 8, there were 51 cells con ^ 
mg small homogeneous bodies and elementary bodies, and of these 47 sno 
+ infection, 4 a -j- -f- infection and none a + + + infection 
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Figs 15 o, 156 and 15c — Three) different aspects of an indistinct large network 
containing groups and chains of olemcntarv bodies togethci with see oral 
granules slightly laiger m size, staining purple (a) Outlines of large network 
indicated by black dots X 030 (6) The interior of the cell in focus X1730 

(c) The coll surface in focus, a few olementary bodies free in the cjtoplnsni 
X 1730 19 hours 

Figs 16a and 166 — Large network embracing the nucleus and apparently breaking 
up into groups of elementary bodies The cell Burface is in focus in (a) while 
(6) shows the interior of the cell and the marginal fnngo Tho latter is crammed 
with elementary bodies and bears a few “whiskers ” with elementnrj bodies at 
their peripheral end Maximow’s Zenkor-formol-osmic acid fixation, which 
may account for the coarse structure of tho netw orlt 20 hours X 1730 
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Of these hypotheses we unhesitatingly prefer the last. By its 
very nature no evidence can be obtained either for or against the 
first The second we consider improbable. Why should the 
elementary bodies which first penetrate the cell be destroyed while 
those which come later are able to persist ? Why should those 
which reinfect the cells particularly penetrate those containing 
large networks Moreover, by rinsing off the virus after five 
mmutes’ contact, we have taken steps in our experiments to reduce 
to a minimum the persistence of such free virus. The third hypo- 
thesis undoubtedly explains better than the fourth the common 
finding of a centrally placed network with elementary bodies in 
the cytoplasmic fringes Nevertheless, it conflicts both with the 
evidence of Goodpasture, Woodruff and Buddingh that the inclusions 
contain masses of elementary bodies, and also with the cells, 
sometimes found in our own prepaiations, m which elementary 
bodies are visible in the mclusions 

The fourth hypothesis adequately explains the facts and it is in 
complete agreement with what we already know about some other 
viruses. The work of Woodruff and Goodpasture (1929, 1930) on 
fowlpox, of Barnard and Elford (1931-32) on ectromeha, of Herzberg 
(1933-34) on canary pox and of Bedson and Bland (1932) and Bland 
and Canti (1935) on psittacosis has shown that m all these cases 
the inclusion bodies contain numbers of virus particles It is 
because it thus corresponds with what we know of the biology of 
other visible viruses that we prefer the last hypothesis to the third, 
which otherwise provides an equally adequate explanation of our 
findings 

We are now m a position to discuss the anomalous findings 
presented by counting expt VII Here we find that at 4 and 7 
hours conditions are as we should expect At 4 hours small net- 
works predominate, at 7 hours medium networks, if the figures 
for cells containing mclusions are accepted as the fairer basis of 
comparison At the same tune a number of cells with large 
networks containing elementary bodies has appeared at 7 hours 
By 11 hours confusion appears to reign The figures for cells 
containing small and large homogeneous bodies have again risen, 
medium networks have decreased and large networks with 
elementary bodies show a shght rise By 19 hours all is once more 
as we should expect , the figures for cells with large networks and 
elementary bodies have doubled, those for the other types have 
been halved We beheve this experiment is very simply explained 
by the phenomenon of reinfection With the reappearance of 
elementary bodies m association with large networks at the 7th 
hour the opportunity immediately arises for some of these elementary 
bodies to be set free from the cells and to reinfect others which 
escaped the primary infection If this happened a nse in the 
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Figs 17, 18 nnd 19 — From cornea cultures with psittacosis virus showing colonies 
of largo forms which mimic various types of vnceimal inclusions stained with 
Heidonlmm’s iron luematoxyhn x 1730 

Fig 17 — Transitions between elementary bodies and large formB and small 
groups of the latter mimicking homogeneous bodiCB Compare with figs 4, 
6a, 7 and 22 Culture 48 hours, m which reinfection has just begun 

Fig 18 — Colony of largo forms mimicking a small network. Compare with 
fig 8 Same preparation ns fig 17 

Fig 19 — Colonies of largo forms mimicking medium and largo networks 
Compare with figs 9 nnd 12 10 hours 

Figs 20a and 206 — Dark \ acuole below nucleus in living coll {a) Fixed and stained 
w ith Giemsa’s stain (6) By dark-ground illumination The vacuole proved to 
be a largo homogeneous body Staining with Victoria blue and subBOquent 
bleaching after Hcrzborg rovealod the presence in the inclusion of 5 irregularly 
distributed granules, presumably corresponding to those seen inside the 
inclusions of figs 12-14 13 hours X1340 

Fig 21 — Fan shaped process of cell showing homogeneous bodies some of which 
are rod- and dumbbell shaped, corresponding to von Prowazek’s initial bodies 
1 £ hours x 930 
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Relationship of our observations to those of our predecessors 

It remains to attempt to relate our findings to those of other 
workers in this field. This is not always easy because of the variety 
of methods and materials which have been used, but for the 
assistance of the reader and the further elucidation of some aspects 
of our own work we append analyses of some of the more important 
items in the literature. 

Ewing (1904-05) made impression (Klatseh) preparations of the rat's 
and rabbit’s cornea which lie dried m air, fixed by gentle heat and absolute 
alcohol and stained by Noeht’s method His photographs and drawings 
show that many fixation artefacts wore produced, rendering the appearances 
difficult of interpretation m our terms Allowing for these distortions Ins 
earliest changes seem to correspond to our small networks, and all succeeding 
stages are described In the late stages ho describes the appearance of a 
bluish material m the meshwork of tho inclusion body, but it is doubtful 
if this corresponds to our deep purplo material since the whole inclusion 
later became transformed mto this substanco He made no attempt to 
relate findings to time aftor infection and ho calls a given stage “ early ” or 
“ late ” merely because ono is small and tho other largo 

Goodpasture, Woodruff and Buddmgh mado observations on tho chorio- 
allantois of the hen’s ogg Tho mam importance of this work is tho claim 
to havo shown that tho inclusion bodies contain masses of elementary bodies 
The preparations which appear to clinch tho matter are those in which tho 
membrane was placed m 1 per cent acetic noid before making smears In 
these (p 277) “ there aro few if any dispersed Paschen corpuscles, but 
hyaline masses, for tho most part compact, aro present within and about 
tho cells , and somo of theso aro to bo found smeared out thin enough to see 
that they are composed of tho minute Paschen bodies ” Hus ngrees with 
appearances wo have seen m some largo networks Wo have already said 
that our commoner finding of elementary bodies in the fringes and a centrally 
placed network apparently containing none may be duo to the virtual identity 
of the staining properties of tho matrix and of tho contained elementary 
bodies 

Haagen and Kodama (1934-35) and Haagcn (1937) found (l) that during 
the early hours after infection inclusion bodies may be found unaccom- 
panied by free virus , (u) that cells may be found containing elementary 
bodies but no inclusions , (m) that both inclusion bodies and elementary 
bodies may be present m tho same cell , (iv) that the inclusion bodies are 
positive, the elementary bodios negative with Feulgen’s stain Haagen 
interprets these findings to mean that multiplication of elomentary bodies is 
independent of the formation of inclusion bodies and that the latter are of 
nuclear origin Our evidence shows that at any time later than 7 hours 
after infection reinfection occurs and that, because of this, preparations 
made after this timo will always show a mixture of forms It is thus 
possible to interpret all Haagen’s findings in terms of our theory but it does 
not seem possible for Ins theory to explain our findings We reserve our 
opinion as to whether nuclear material plays any part m the formation of 
inclusions and we do not think that their positive Feulgen reaction is by 
itself sufficient evidence that it does It is true that under normal conditions 
Feulgen-positive material is found only in the nucleus, but it is not legitimate 
to conclude from this that such material cannot bo formed in the cytoplasm 
m response to the presence of a virus, nor that once within the cell the virus 
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may have overlooked inclusions m thoso cases •where they were present 
without elementary bodies Tins may bo why ho observed no typical 
inclusion bodies apart from the dark blue corpuscles, which wo behove 
correspond with our homogeneous bodies m colls where Horzborg finds them 
m company with a few elementary bodies. Horzborg’s colls filled to bursting 
with elementary bodies but containing no inclusions may well be cells with 
diffuse large networks, and Ins pictures confirm tins, for in every case they 
show cytoplasmic condensations near tho nucleus The dark blue corpuscles 
he finds in such colls are perhaps granules of the dark purple substance we 
have described m our networks On tho other hand m a porsonal com- 
munication Horzberg states that in comoa cells he saw (1) small groups of 
elementary bodies, deeply stainod like thoso in tho egg membrane (? the 
deep blue corpuscles) , (2) well delimited Guamien bodies free m the 
cytoplasm , (3) Guamien bodies extending crescont-liko around tho nucleus , 
(4) masses of free elemontary bodies in the cytoplasm This suggests that 
he is able to recognise somo types of networks stained by his method and 
would have seen them if they occur in the egg membrane 

Hxmmclwett (1938) studied vaccmial lesions in the living cliono -allantois 
of tho duck’s and hen’s ogg by means of annular oblique incident illumination 
and high power objectives He made no observations before tho second 
day after infection, but because he studied the periphery of tho lesions ho 
considers that he was there able to observo the earliest stages of infection 
We must point out that there is no guarantee of tlus Tho true early stages 
which wo have described may have been invisible by lus mothods and may 
have beon situated still further to the periphery of tho lesion than tho zone 
in which he saw his earhest changes Thoso who have read Himmelweit’s 
paper may liavo been surprised by our statement (p 382) that tho early 
stages in the formation of inclusion bodies wore almost invisible to us, both 
by dark ground and direct illumination By courtesy of Dr Himmelweit 
and Mr Smiles we have been able to examine somo of our cultures infected 


with vaccinia and with psittacosis by their methods It was thus possible 
to compare their microscopical technique with ours on familiar objects 
We can say without hesitation that while their method gives slightly better 
definition than our dark ground system the difference is not striking and 
we do not behove that tlieir method is capable of revealing structures 
invisible by ours Tho tissue culture method enabled us to compare the 
appearance of structures m living and stained preparations in the same 
cell Thus we have been able to ascertain precisely the appearance of some 
of our types of inclusion m tho living state Large homogeneous bodies, 
and presumably also the small ones, appear in dark ground illumination 
as optically empty dark structures having the same optical characters as 
the nucleoplasm They reflect less light from their edges than the nucleus, 
are thus scarcely delimited from the cytoplasm and are not to be distinguished 
with certainty from other cytoplasmic vacuoles (figs 20a and 206). Small 
networks have the same characters but even less well defined boundaries 


Medium networks we have not identified with certainty Large networks 
are large granular objects sliming with a bluish-white light similar to that 
emitted by colonies of psittacosis virus (Bland and Canti) Their granularity 
is finer than that of psittacosis colonies, their whole appearance more 
“ fuzzy,” and they are less sharply delimited from the cytoplasm An 
intense and rapid vibration of low amplitude is present within them. 
Accompanying the large networks we have seen accumulations of elementary 
bodies in the fringes of the cells and at the ends of the fine threads of cytoplasm 
already described (p 389) The appearance alive of these cells containing 
networks and elementary bodies corresponds precisely with Himmelwei 
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corpuscles, usually double, staining deep red with Giemsa These 
von Prowazek named initial bodies , we bekevo them to correspond to 
our small homogeneous bodies Ho describes various division forms of these 
initial bodies . some aro dumbbell-shaped, some consist of two small bodies 
connected by threads, some are threads of venous length and thickness 
These appearances aro difficult to interpret m our terms. Wo have 
occasionally seen such forms of small and large homogeneous bodies (fig 21) 
and more often of small networlcs, particularly when theso are present in 
the drawn-out string-like processos of cells in “ broken up ” cultures 
Wc think that probably most of von Prowazok’s division forms are of tlus 
type. We do not agree with him that they are caused by division ; our 
evidence suggests a more probable origin from coalescence. The first 
Guamien bodies were found by von Prowazek at 3 hours after infection, 
as small round or oval bodies winch take up nuclear stains. These 
correspond to our large homogeneous bodies Still later, longer forms 
were found, corresponding to our networks, winch consist of two substances, 
nuclear material containing cliromatm (our deop purple substance) m the 
form of initial bodies and “ plastm ” staining red with Giomsa (our red 
matrix). Because of tlus and because of tlio presence of nuclear buds in 
lus preparations, von Prowazek at first postulated a nuclear origin for the 
Guamien bodies Later he abandoned tlus theory In lus artido of 1912 
he describes the following findings (1) elementaiy bodies both ultra- and 
extracellular , (2) mtracollular initial bodies ; (3) transitional stages from 
these to Guamien bodies , (4) Guamien bodies m a vanoty of sizes and 
shapes with included initial bodies , (5) disintegration of Guamien bodies 
and breaking up of initial bodies into numerous olomentary bodies 

von Prowazek and Miyaji formulate their conclusions m final form thus • 
(1) elementary bodies invade the cell ; (2) initial bodies are formed from 
them, often coated with the reaction products of the coll and m tins state 
consisting of chromatin +plastm , (3) formation of Guamien bodies with 
mcluded initial bodies , (4) reappearance from these of elementary bodies 
von Prowazek considered that this cyclo of development was obligatory 
for the virus and did not believe m the multiplication of the elementary 
bodies throughout the cytoplasm Ho proposed the name Chlatnydozoa 
to describe viruses which undergo this form of development, a name which 
appears to us peculiarly apt m spite of the termination suggestmg their 
protozoal nature, for the virus does most certainly wear a cloak, even a 
cloak of invisibility, during a part of its growth. 

Tyzzer (1904) studied sections of experimental lesions of the cornea, 
skm and mucous membrane of the rabbit and calf Fixation was m Zenker’s 
fluid and the principal stem eosin and methylene blue Tyzzer appears 
to have seen typos of inclusion very similar to ours but his photographs 
are not sufficiently clear to permit comparison, while his camera lucida 
drawings, though resembling our inclusions in form, appear very different 
m structure Tyzzer made an attempt to relate lus findings to the time 
of infection At 4 hours and 8 hours he found no inclusions but some were 
present at 16 hours The majority of these were small round structureless 
bodies, 1 /* m diameter, situated anywhere m the c 3 ’toplasm — obviously 
our small homogeneous bodies Associated with these were similar but 
larger structureless bodies usually found near the nucleus At later periods 
a mixture of forms was found, but, since the small bodies were always 
present at the periphery of the lesion while the larger were more centrally 
placed, Tyzzer thought the former the precursors of the latter The later 
types were paranuclear in position, showed progressively more structure 
and contamed granules staining like cliromatm m a matrix staining hke 
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Appendix. 

Preparation of elementary body suspensions Through the kindness of 
Dr M H Snlaman we have boon able to obtain iho strain of denno-Iapino 
that was used by Salaman (1937), Macfarlano and Salaman (1938) and 
Amies (1938), and winch had already undorgono 70 passages While the 
present work was m progress we passed it on the rabbit’s skin another 
25 times In preparing elementary body suspensions we followed the 
directions given by Salaman Complete freedom from contaminating 
bacteria was not obtamed Nevertheless contamination of cultures was 
exceptional and such cultures were rejected 

Preparation of cultures The eyes wero romoved fiom a normal rabbit 
which had previously been lulled by a blow on the nock Each eye was 
gripped m stenie Lane’s tissue forceps while 500-1000 c c of sterile salino 
was poured over it from a height so as to wash thoroughly the surface of 
the cornea and globe. With the oyo held m Lane’s tissue forceps and resting 
on stenie filter paper on a stenlo gloss plato, tlun slices wore cut from the 
antenor layers of the cornea with a sterile safety razor gnpped m Spencer- 
Wells’ forceps Shoes wero cut ns tlun ns possible so ns not to ponotrate 
the antenor chamber These slices wero cut into oxplants of about 
1 5 mm. square and wore mounted m a drop of hopanmsed rabbit plasma 
on a 20 mm round coverslip fixed to a mica squoie covershp as m Maximow’s 
technique a drop of rabbit spleen extract (0 c c tyrodo to one chopped 
spleen) was added The cultures wore incubated at 37° C until growth 
of a sheot of epithelium had taken place and the medium had liquefied. 
This usually' took 3 day's They' wore then either wnshed and fed and 
incubated for another 24 hours, or were used immediately 

Infection of cultures Various dilutions of virus wero used for infecting 
the cultures — 1 . 2, 1 3 or 1 : 4 for experiments concerned with tho events of 
the first few hours only' Tho speedy and progressive disintegration of 
preparations mfocted with virus m this concentration made it necessary 
to use dilutions 1 10 to 1 30 for experiments meant to cover from 12 to 
24 hours In these cases disintegration begins at the periphery and veiy 
gradually progresses towards the more central parts, preserving tho continuity 
of the epithelial sheet for tho greater part of tho duration of the experiment 
Infection was carried out in tho following stops 

The 20 mm glass circles bearing the cultures were removed fiom the 
earner mica covcrshps The liquefied culture medium was drained off to 
avoid uncontrollable dilution of tho infecting suspension Two drops of 
virus suspension m Tyrode solution were pipetted on to each of three 
cultures lying on several layers of filter paper m an orchnaiy Petn dish 
After 5-8 minutes the infective mixture was drained off on stenie filter 
paper and for half a minute or so the covcrshps were modo to float, culture 
downwards, on warm saline solution The dish containing the saline bath 
was gently rocked to and fro to ensure effective rinsing The saline was 
again drained off and the cultures were supplied with a small drop of liquid 
medium (Tyrode extract of a broken-up clot of rabbit plasma and spleen 
extract) and remounted 

Fixation and staining 1 The cultures were made to float, culture 
downwards, for a minute or so on warm saline and exposed, three at a time, 
to a strong concentration of osmic acid vapour for 5-6 minutes. Shrinkage 
of the nuclei and an increase m the coarseness of all cytoplasmic structures 
occur if dehydration is left to the acetone-xylol mixtures which are employed 
to differentiate Giemsa-stained preparations The cultures were therefore 
hardened m 70 per cent alcohol for 5 minutes or longer before staining 
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tho long horizontal camera by Zeiss, using tho nbovo-montionod objectives 
m connection with an achromatic condonsor N A 14, oil immersed, and 
Homal eyopiocos by Zeiss 
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Two possible methods of producing the polyuria were considered, 
firstly the method devised by Cushing (1932) of compressing the 
stalk of the hypophysis by a silver clip, and secondly the destruction 
of locahsed areas of the hypothalamus The first method was 
discarded because (a) it promised to give little help m localising the 
nuclei concerned in water metabohsm, and ( b ) it permitted an 
ambiguous explanation of the mechanism involved. Cushing has 
attempted to explain the resulting polyuna as the consequence of 
the obstruction to the flow of the antidiuretic hormone from the 
pars intermedia to the hypothalamus. As the studies on human 
material had tended to contradict this argument it was thought 
desirable to attempt to produce the syndrome by some other 
method. Finally m the hands of Mahoney and Sheehan (1935) 
the chp method had yielded only a transient polyuria. 

Technique. 

The dog’s head was placed in a clomp so that the baso of the skull was 
uppermost (fig 1) Ether anresthesm was maintained by an intratracheal 
cotlioter A vertical incision was made in tlio temporal region by diathermy 
and the temporal musclo divided in the direction of its fibres and separated 
from its attachment to tlio bone Tho periosteum of tho zygoma was 
reflected and the zj gomn removed Tho tip of tho coronoid process of the 
mandible was also removed Whilst tho temporal muscle was retained by 
two mastoid retractors tho skull was tropluned, and tho trephine opening 
enlarged with bone forceps Bleeding points on the bone edges were stopped 
with was Tho dura was then divided by a cruciato incision , the comers 
stitched back and the brain gently depressed by a spatula The position 
of the head now allowed tho brain to fall gently nwny from the bnso of 
the skull, and as gradual depression of tho bram drove the cercbro spinal 
fluid out from the ventricular system it became possible to distinguish 
the hypophysis, tho internal carotid artery and the third cranial nene 
Following division of the posterior communicating artery tho tuber cinereum 
could be seon In a few instances one optic nervo was sectioned m order 
to obtain a clearer operation field After tearing the nraclmoid and obtaining 
a dry operation Sold, small locahsed losions 1-2 mm in diameter were 
produced m selected parts of the hypothalamus by passing the coagulating 
diathermy current along a copper wire insulated to within } mm of its tip 
The spark gap was closed almost to tho point of short-circuiting in order 
to prevent gross local stimulation 

Before and after operation the animals were kept in metabolism cages 
The urine was collected, and measured oaoh morning The specific gravity 
of the twenty-four hours’ output was moasured Excess water to drink was 
provided 

After the periods requisite for study the animals were killed In some, 
ammomacal alcohol was injected into the skull, the brain with the hypophysis 
attached was removed and tho hypothalamus and hypophysis fixed m 
ammomacal alcohol and subsequently impregnated by Banson’s silve 
pyridine method In others the brain was fixed in formalin and studied m 
paraffin sections stained by various methods In all cases the hypothalamus 
was serially sectioned 




Specific gravity Urine (c c ) 


408 


J H BIGGART AND G L ALEXANDER 


output, however, was replaced m sixteen animals by a second period 
of polyuria, the tertiary phase, which, once established, has persisted 



Fig 2 — Graph of tlio urinary output in dog 13, illustrating tlio triphasic onset of 
tho polyuria and tlio persistence of tlio tlnid phase P = pituitnn 2 c c 



Fig 3 — Graph of tho urinary output in dog 43, illustrating the onset of the 
permanent polyuria uithout the occurronce of the primniy phase 

m all but two animals. In this group of sixteen the secondary 
phase lasted from 2 to 12 days (average 6 5 days) In four instances 
in which a permanent polyuria developed (dogs 24, 43, 45 and ) 
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The third or permanent phase appears to he the experimental 
reproduction of a polyuria which simulates in every way the 
syndrome of diabetes insipidus in man Apart from the polyuria 
the animals appear healthy and, though other changes may be 
found which indicate some disturbance in fat metabohsm or m 
endocrine balance, there seems no reason why such animals should 
not survive to a natural old age 

Effect of pituitnn 

In every animal in which a permanent polyuria developed, 
the effect of the administration of pituitnn was noted on the urinaiy 
output Without exception this was found to reduce the polyuna 
of the third phase to within normal hnuts and to raise the specific 
gravity (fig 4). The administration of a second dose at a later 
date produced similar results For example in the case of dog W 
(fig 4), 1 c c of pituitnn was sufficient to reduce the polyuria of 
3000 c c to its normal output of 000 c c forty r days after the opera- 
tion Two hundred days later a sumlar quantity had the same effect 


w ai T3 



Fig 4 — Graphs illustrating the offset of pituitnn (P) on the polyuna of the 

third phase 

When, however, attempts were made to abohsh the transient 
polyuna of the primary phase, the antidiuretic effect of the hormone 
was not apparent The transient nature and indefinite period o 
the polyuria of the primary phase render it difficult to obtain com- 
parable figures on successive days, but table IV shows the urinary 
output m this primary phase when dogs were given pituitnn sub- 
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A comparison of the results in a series of treated and untreated 
animals (fig 5) suggests that the primary phase is at least frequently 
refractory to pituitrm treatment 

So far we have had no animals in which this refractory phase 
has persisted, and thus we have been unable to obtam any data 
analogous to those from human cases of the syndrome which are 
refractory to treatment (Biggart, 1937) 

Effect of thyroid 

Barnes, Began and Bueno (1933) and Bmsotti (1934) have shown that 
the thyroid possesses a diuretic action, whilst Mahoney and Sheehan (1935) 
were able to diminish the polyuria m diabetic dogs by thyroidectomy and 
to re-establish the increased urinary output by giving their thyroidcctomised 
animals desiccated thyroid They employed, however, evtremcly largo 
amounts of the gland (2 5 g daily) Similar results liavo been reported by 
Fisher, Ingram and Banson in their scries of cats with diabetes insipidus 

We decided to give small amounts of thyroid by mouth Thyroid 
(5 grains daily) was given to several normal dogs for six days, with 
absolutely no effect on the urinary output When the same or 
even smaller amounts were given over a similar period to animals 
with diabetes insipidus an increase m the polyuna Avas frequently 
noted, commencing on the 4th or 5th day (dogs W , 13, 21, 36 and 
38) The peak of the diuresis always occurred 2-4 days after the 
cessation of the thyroid feeding The diuresis may contmue for a 
long time even with these relatively small doses (dog W , 30 days , 
dog 21, 22 days , dog 13, 30 days) The sensitmty of diabetic 
dogs to thyroid may be gauged from the fact that a diuresis may 
be produced by 2-3 grains of the desiccated gland daily 

With the level of dosage used, diuresis has not been a constant 
finding Dogs 24 and 33 showed no change in the unnary output, 
Avlnlst m dog 27 a decrease occurred This latter effect was so 
striking that when the urinary output had returned to its average 
level the thyroid treatment was repeated On this occasion there 
Avas again some decrease in urinary output, though to a less marked 
degree than Amtli the first course of treatment In the first mstance 
30 gr of thyroid (5 gr daily) reduced a polyuna of over 3000 c c 
per day to a minimum of 1200 c c lastmg for seven days In the 
second mstance a similar amount of thyroid reduced a polyuria of 
over 3000 c c daily to 1700 c c FolloAVing the treatmentthe curve of 
the urinary output was a mirror rephea of that seen in the animals 
which showed an increased output, and we feel that the diminution 
of the polyuna was in this arnmal clearly related to the thyroid 
medication 

Effect of eucortone 

Smce it is generally agreed that the adrenal cortex has some 
control over the sodium clilonde of the body, injections of eucortone 
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was allowed to live for a further 160 days, but apart from a slight 
fall for a period of six days after operation the urinary output 
continued unchanged 

Table V 

The effect of hypophyscctomy 


Dog 

Normal daily output 

Permanent pltaso of 
polyuria 

Poit-hj pophj scctomy 
output 


cc 

SG 

CC 

SG 

CC 

SG 

27 

600 

1015 

3200 

1005 

800 

1012 

38 

300 

1017 

1280 

1007 

500 

1013 

30 

610 

1017 

2030 

1004 

1750 

1006 


On killing these ammals careful search was made for remnants 
of the hypophysis The sella turcica and hypothalamus were serially 
sectioned. Apart from a few cells of the pars tuberahs embedded 
in the thickened meninges overlying the anterior hypothalamus no 
hypophyseal tissue was found in dogs 27 and 38 In dog 36, 
however, quite a large portion of hypophysis remained The cells 
of this tissue appeared normal, and granule stains showed that both 
eosinophils and basophils were present 

Effect of osstnn 

Injections of oestrin have a very definite effect in inhibiting the 
activity of the anterior lobe of the hypophysis, at least as regards 
the formation of the gonadotropic hormone It was considered that 
this physiological inhibition of the anterior hypophysis might give 
some additional evidence os to the function of this lobe in the 
syndrome. Two of our diabetic dogs were given 70,000 units of 
cestroform In one a polyuria was reduced from 3300 to 2000 c c 
daily, but the effect only lasted four days In the other no 
appreciable effect was produced 

Other effects of the hypothalamic lesion. 

The dogs were weighed before operation and monthly thereafter 
The results are shown m table VI It will be noted that m many 
of those in which permanent polyuria was produced there was an 
associated increase m weight, amounting m some instances to more 
than 60 per cent of the pre-operative weight. At autopsy these 
animals showed a very heavy layer of subcutaneous fat. Fatty 
tissue was also present m abundance between the various muscle 
groups and heavy fat deposits were found m the abdomen In the 
males there was marked atrophy of the testes, which histologically 
showed complete absence of spermatogenesis The tubules were 
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pancreatectomy was performed on dog 46, 132 days after its 
primary operation (fig 16) This resulted in a dramatic disappear- 
ance of the polyuria, and though the animal was allowed to live for 
another 38 days the polyuria did not recur. Sensitivity to thyroid 
was also lost, and thyroid gr. 5 daily for twelve days failed to 
produce any alteration m urinary output. Evidently sufficient 



Fig 16 — Graph showing tho effect of pancreatectomy (P) on the course of 
diabetes insipidus (dog 46) 

pancreas was left to prevent any gross glycosuria, though the anunal 
rapidly lost weight, losing 7 kg. m the 38 days At autopsy a 
small fragment of sclerosed pancreas was found, but this measured 
only 1 5 cm m length The liver was extremely fatty , the other 
organs showed no changes of note. The median eminence had been 
completely destroyed 

Discussion 

It is apparent from this series of experiments that it is possible 
to produce diabetes insipidus m the dog by a lesion winch involves 
the supra-optic nuclei or the supra-optic hypophyseal tracts It 
is probable, therefore, that the failure of Reichert and Dandy to 
obtain similar results was due to the escape of these tracts or nuclei, 
but m the absence of histological studies it is impossible to state 
what nuclei were actually involved m their series of animals The 
present histological studies also show that these hypothalamic 
lesions are associated with degenerative changes in the median 
eminence, stalk and posterior lobe, so that it is impossible to sta 
that the actual mechamsm involved is purely hypothalamic 
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phase of hormone deficiency or permanent polyuria. Whilst this 
appears to be a plausible interpretation of the results it cannot be 
accepted as completely proven On this hypothesis complete 
removal of the secietmg tissue should result m the abolition of 
the latent phase between operation and the appearance of the 
permanent polyuria So far this has not been shown to occur 
Fisher, Ingram and Hanson, who produced diabetes insipidus m 
cats by removal of the posterior hypophysis and stalk, found a 
latent period between the operation and the onset of the permanent 
polyuria in every way comparable to that following hypothalamic 
damage alone Whilst it is probable that the difficulties of the 
opeiation preclude absolutely complete removal of the secreting 
tissues, it is surprising that the latent period should not have been 
considerably shortened. 

The most difficult phase of the polyuria to mterpiet, however, 
is phase I Here we have a polyuria which occurs even m the 
presence of a store of anti-diuretic hormone presumed to be 
sufficient to ensure a relatively normal output during phase H 
Furthermore, injections of anti-diuretic hormone have m our senes 
of animals failed to produce a return to a normal urinary output 
This refractormess of the prnnary phase to injections of pituitrm was 
also noted by Camus and Roussy (1913), who mdeed state that the 
polyuria may be increased by such tieatment It is admittedly 
difficult to study the reaction of tins phase to such injections 
The phase may not occm even when no treatment is given, but 
we feel that its occurrence m spite of adequate treatment by pituitnn 
— the same pituitrm winch, effectively leduced the tertiary permanent 
phase — is sufficient evidence of this refractoriness In our senes 
of experiments the transient phase has occurred (I) m annuals 
which subsequently developed permanent polyuria, (2) m animals 
which showed only a unilateral lesion of the supra-optic hypophyseal 
system, and (3) m animals m which no definite hypothalamic or 
hypophyseal lesion was found Unfortunately the phase has 
always been transient and so it is impossible to state what morpho- 
logical lesion if any is responsible The transient phase has also 
failed to appear m animals which subsequently developed a permanent 
polyuria and which were found to show a bilateral lesion of the 
supra-optic hypophyseal tracts It would appear, therefore, that 
the mechamsm involved m this primary phase is not related to the 
nature of the permanent lesion m our animals What the mechanism 
may be is not clear On the basis of the morphological findings in 
human cases of diabetes insipidus refractory to pituitrm, it might 
be suggested that a post-operative oedema of other nuclei may set 
free diuretic mechamsms winch are not controllable by the anti- 
diuretic factor The points m favour of such a hypothesis are (1) the 
delay of 24 or more hours m the development of the polyuria, 
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this part of the hypophysis possesses a large reserve power as 
regards ability to produce diuresis The fact that a portion of 
the gland is sufficient to maintain the diuresis is of some importance 
m human pathology m allowing us to understand how suprasellar 
cysts, which in many instances compress the anteiior lobe and 
interfere with its function, can still contmue to be associated with 
the syndrome of diabetes insipidus It may also be the anatomical 
basis in those patients who, with the gradual progress of the lesion, 
show a diminution m the diuresis until the urinary output has 
returned to within its normal range Such cases should be in- 
vestigated from this standpoint. 

Mahoney and Sheehan (1935) claimed that thyroidectomy 
completely abolished the potyuiia of diabetes insipidus, but Fisher, 
Ingram and Ranson (1938) and Findley and Hembecker (1937) 
have shown that whilst thyroidectomy reduces it does not abolish 
the polyuria Hence it would appear that the diuretic function 
of the pars anterior is not expressed solely through the thyroid 
The inability of Dix, RogofF and Barnes to produce a thyroid 
diuresis m a pancreatectomised dog suggested to us that the 
pancreas itself might act as a mediator of this diuretic function 
of the anterior hypophysis, and the result of pancreatectomy on 
dog 46 suggests that the panel eas is of no less impoitance than the 
thyroid as legards this function In this dog it will be noted that 
tkywoid administration failed to alter the urinary output after 
removal of the pancreas, w’hereas it was sensitive to thyioid m its 
polyunc phase We believe, therefore, that the diuretic function 
of the pars anteiior exists, but that the mechanisms whereby it is 
expressed aie probably extremely complex and not dependent upon 
thyroid integrity alone 

The disturbances m fat metabohsm and in the gonads following 
the hypothalamic lesion have previously been noted In this 
series of animals the lesions were so placed that they interrupted 
any fibres from the nuclei paraventnculares to the hypophysis 
Whether, as suggested by Grevmg (1928), these nuclei control fat 
metabohsm it is impossible to say, but it seems probable that fat 
metabolism is controlled m some way by the anterior hypothalamic 
group of nuclei This association of obesity with gonadal atrophy 
reproduces the clinical features of FrOkhck’s dystrophia adiposo- 
gemtahs and suggests that tins syndrome can be the result of 
lesions confined to the hypothalamus Raab (1930) has tried to 
show that pituitun has some effect on lipoid metabohsm, and it 
is an interesting speculation that the control of fat may be by a 
neuro-endoerme mechanism analogous to that controlling w r ater 

The mechanism of the production of the gonadal atrophy is 
difficult to understand The anterior hypophyses of these animals 
appeared normal histologically Both eosinophil and basophil 
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allow of a definite conclusion as to the precise site of origin of 
the hormone The dramatic histological changes m the pars 
nervosa in our experimental animals seem to show that the pituicytes 
do probably play the important part m the elaboration of the 
hormone, and that the epithelial investments of this part of the 
hypophysis are not concerned Studies of a recent unpubhshed 
case of diabetes insipidus m man show complete absence of the 
supra-optic hypophyseal tracts and atiophy of the median eminence 
of the stalk and posterior lobe, with greatly increased ccllularity 
of these tissues In spite of these changes the pars tuberahs is well 
developed This is the second human case studied in w Inch the 
histological changes found are in every waj' analogous to those 
seen m our experimental animals 

We conclude, therefore, that the supra-optic nuclei are m some 
way sensitive to the water needs of the body, that they serve as 
the nervous centres which stimulate the secretion of the anti-diuretic 
factor, and that this factor is m all probability manufactured m the 
pars nervosa Diabetes insipidus results when this neuro-endoenne 
system loses its functional integrity, either by reason of a hypo- 
thalamic lesion mleirupting the path of motor-secretoiy impulses, 
or by reason of replacement or destruction of the secretory tissue 
in the pars nervosa. In order that such loss of functional integrity 
may be clinically apparent a certain amount of functioning anterior 
hypophyseal tissue must be present This diuretic function of the 
anterior hypophysis is probably mediated through other endocrine 
glands, and the evidence available suggests that the thyroid and 
pancreas are of nnportance m this respect 

Summary 

1 Tempoiaiy polyuria was produced in 29 dogs by the produc- 
tion of lesions in the anterior hypothalamus, and m 14 of these the 
polyuria was permanent 

2 The onset of this permanent polyuria is tnphasic — a transient 
polyuria, a period of normal output, and finally the appearance of 
the permanent phase 

3 Hypophysectomy or pancreatectomy abolishes this polyuria , 
whilst thyroid medication usually increases it 

4 Lesions of the anterior hypothalamus may be followed by 
obesity and gonadal atrophy 

We nro indebted to tho late Professor Sir David Wilkio for the facilities 
offered by tho Department of Experimental Surgery and to Professor A 
Murray Drennan for his liolpful criticism Tho oxponscs of the lesoarcli 
wore defrayed in part by grants from tho Moray Fund to one of us (J H B ) 
Tho other (G L A ) has been m receipt of a part-time grant from tho Medica 
Research Council 
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with tlio findings of the author as published m a previous paper (Bisset, 
1938) In tho samo paper tlio author indicated that the formation of 
colonics was influenced by puroly physical factors 

The aim of tho present paper is to give some indention of tho manner 
in which those forces act 


Observations 

i 

The growth of bacterial colonies was studied primarily by the 
comparison of impression preparations made fi.om colonies of 
different ages (Bisset) These observations were subsequently 
checked by observing the actual growth of two strains of vaccine 
charbonneuse, B anihracoides and an R and an S strain of B coll 
on an ordinary agar plate, in a microscope incubator and under the 
16 mm objective of the microscope. Of these two methods the 
first was found to be of the greater value, as beyond a certain 
stage of growth the internal structure of an unstained colony is not 
easily observable, particularly if an organism is small 

Smooth colonies 

Very young S colonies of the coli-typhoid organisms were not 
entirely devoid of structure, but as they increased m age this 
appearance became lost or masked, until the characteristic, 
apparently structureless appearance was attained. 

This was apparently due to the fact that the longitudinal 
attachment of the bacilli was so slight that a chain of more than 
ten or twelve became instantly distorted by the growth of the 
constituent organisms , hence the tendency to chaining was 
observable only in the very young colonies (fig 1) The break-up 
of such chains as might have occurred was accompanied by the 
“ slipping ” movement mentioned by Graham-Smith, Nutt, Seal 
and others, but in this case, i e on the surface of the medium, the 
slipping was merely a matter of the growth of the organisms after 
division resulting in the two opposing ends being pushed past one 
another until portions were overlapping, and sometimes until the 
bacilli lay side by side 

A smooth colony m its early stages was seldom observed to 
be more than one or two organisms thick at the edge, with a 
“ plateau ” of greater thickness commencing about a third of the 
way to the centre, the dividing line between the two portions being 
quite sharp and distinct (fig 2) With increasing age the thickness 
appeared to mcrease somewhat, but usually remained a small fraction 
of the diameter, even in colomes which had the appearance of being 
strongly domed 

Such smooth colonies also showed irregularities of outline 
corresponding to mmor irregularities in the surface of the medium, 
and m growth threw out extensions m all directions, which gradually 
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after a prolonged lag phase , others in more heavily inoculated areas 
of the plate grew more readily, even though they were separated 
by as much as 20-50 fi from the neighbouring organisms 

Rough colonies seldom reached any size without numerous 
off-shoots, consisting at first of a single bacillary thread or a very 
small number of such threads growing outwards from the edge 
of the colony Such off-shoots, however, rapidly underwent the 
fate of the primary threads and eventually became mere lobes of 
the colony as it grew and advanced outwards 



/ 9 

Fio 12 — Diagram of den elopmont of “ medusn hond ” colony 
a Original bacillus rf Prlmarj coll 

ft and c Bvtcnslon and groutli e.fauda Sccondarj and subsequent coiling 

Except towards the centre of the colony the constituent threads 
of the coils did not appear to overlie one another to any extent and 
usually adhered firmly to the surface of the plate, under the influence 
of mtermolecular attraction, so that the ultimate thickness of the 
colony was always, as m smooth types, a very small fraction of 
its diameter 

The formation of the widely looped colonies of the streptococci 
differed m one respect from those of an R bacillary variant, in that 
the umts composmg the chains were so small that the chains them- 
selves were much more flexible , thus frequently the loops were 
composed of a single chain and were consequently very numerous 



432 


K A BISSET 


In this species the first sign of division about to take place was the 
sudden appearance of an extremely fine line across the organism 
This was followed in a few minutes by the appearance of a slight 
curvature of the dividing line producing a concavity on one side 
and a corresponding convexity on the other Gradually the concave 
portion became convex also, until a progressive indentation 
appeared at the ends of the dividing line, thus completing the 
division The v hole process v as completed in 5-15 minutes (fig 13 c) 



« O O CO 00 oo 

Fig 13 — Diagram of division of bnctonnl forms 

a Bacillus mtteotdes d Vncclno clinrbonncuso Ecgulnr dhlsion 

6 Anthncoid bacillus Irrcpulnr division of S form 

c Anthracold bacillus Dhlsion nt point or r Streptococcus lurmohjticus 

external interference 


In the anthracoid bacilli, which were next studied, this sequence 
of events was often much less clear and was sometimes preceded by 
a swelling at the point of division, possibly indicative of a weakening 
of the envelope at that place, m others by a certain amount of 
constriction, forming a very narrow if occasionally deep groove 
around the bacillus The behaviour of the S and R strains in this 
respect was distinguishable mainly by the greater tendency to 
constriction shown by the S strains, while the intermediate types 
were intermediate in this as m other respects It was, however, 
most noticeable that the division of the S strains was into two 
equal portions, while the R strains usually divided into a large an 
a small bacillus, the smaller frequently growing so rapidly as 
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tlio physical character of the individuals ivlnch compose them. 
These differences appeal to be mainly in the stiength and rigidity 
of then* attachment to their neighbours in the colony , varying 
from piactically nil in completely S forms to the very great rigidity 
of B my coid cs In addition tlicie aie forms such ns the long- 
chained Sh . limmolyhcits m which the units of the chain are strongly 
but not rigidly attached These qualities and differences are 
manifested m the colonial structure, undei the influence of the 
external foiccs supphed by the surrounding material 

In the fiist place tho bacteria are held closely to the surface 
of the medium by intcrnioleculnr attraction (the so-called " sohd ” 
medium being in fact a colloidal gel), and secondly the grou th and 
consequent extension of the bacterial tlueads and chains across 
the suiface of the medium is impeded by friction, which causes them 
to mcieaso m length by the formation of loops and coils rather 
than by direct extension in a straight line 

Wheio the longitudinal attachment is very slight, as in S 
bacillary variants and slioit-cliaincd streptococci, these loops and 
coils cither do not occur or do so only to a limited extent — the 
bactena being, for tho most part, pushed past one another in the 
“ slipping ” motion as the chains elongate 

The observations of Nutt and of Seal on tho modes of growth of 
R and S variants, which woie made upon organisms growing in agar 
under covcislips, were perfectly conect ns far as they went The 
application of these observations, however, made upon bactena 
giowmg under conditions of seveie mechanical restraint, to the 
same oigamsms giowmg in comparative freedom on the surface of 
an agar plate is not valid, and as far as these results are applied 
to surface colonies they aie misleading Graliam-Smith, in his 
classical studies on bactcnal grow th, appears to have realised this, 
but did not take sufficient precautions to ensure the avoidance of 
this lcstramt 

In tho case of an R stiaui giowmg undei tho first-mentioned 
conditions the bacillus would attempt to glow outwards and to 
elongate Meeting with nnmediate opposition from the medium 
m v Inch it uas embedded, it would fiacture at the point of division 
and pioduco the snapping gioutli deseubcd by these woikers 
In the same manner tho two daughter cells resulting from the 
division of an S variant would be forced bade past one another to 
ho side by side ns soon ns then growth appioaclied the size of the 
original bacillus Smfnco giowth, lion over, is not restrained to 
the same extent, and the development of the colonies is ns described 
above 

Tho studies on tho actual division of the organisms piesented a 
problem, inasmuch ns -while there appears to bo a gradation m the 
complexity of the piocoss, languig from the elaborate septum 
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values fall within the normal range The blood findings are shown m 
table I 

Tabus I 

Red cell fragility m tropical macrocytic anaemia * 


Case no 

Sev 

BBC 

HB 

MOV 

MCF 

Corrected MCF 

1 

F 

0 900 

14 0 

155 5 

0 300 

mm 

2 

F 


14 0 

137 2 

0 350 

igEiEH 

3 

M 


20 6 

153 6 

0 300 

HUS 

4 

INI 

0 855 

12 0 

140 4 

0 360 

BISS 

5 

F 

Hi } : 

11 5 

123 0 

0 337 

BfiB 

6 

M 

iH ' iBl 

22 5 

171 8 

0 300 

Kin! 

7 

F 

" ; tH 

21 8 

156 1 

0 300 

HUB 

8 

M 

Hi i i rflj] 

9 0 

148 1 

0 290 

HUS 

9 

F 

Hi ? " Hf: 

13 0 

141 0 

0 325 

HUS 

10 

F 

H * ; H 

14 2 

115 7 

0 350 

1H1H 

11 

F 

’Hi 

13 0 

141 0 

0 300 

0 344 

12 

M 

Hi : 'B 

13 5 

144 0 

0 325 

0 367 

13 

F 

0 718 

9 0 

125 3 

0 340 

0 383 

14 

M 


19 7 

151 2 

0 300 

0 341 

15 

F 

1 542 

24 0 

155 6 

0 300 

0 339 

16 

M 


16 5 

128 9 

0 313 

0 354 

17 

F 

0 978 

12 0 

122 8 

0 325 

0 368 

18 

F 

1 855 

21 2 

114 5 

0 290 

0 331 

19 

M 

0 642 

9 0 

140 2 

0 325 

0 369 

20 

M 


13 0 


0 316 

0 358 

21 

M 

0 695 

9 5 

136 7 

0 340 

0 385 

22 

M 

1 880 

27 5 

146 2 

0 310 

0 329 

23 

F 


8 0 

151 0 

0 350 

0 392 

24 

F 




0 325 


25 

M 

0 895 

12 0 

134 1 

0 262 

0 310 

26 

M 


14 5 

153 5 

0 255 

0 302 

27 

M 


11 7 

143 0 

0 357 

0 398 

28 

F 

1 187 

15 5 

130 6 

0 375 

0 428 

29 

M 


24 7 

134 9 

0 325 

0 343 

30 

M 

0 618 

11 5 

186 1 

0 325 

0 367 

31 

M 


11 7 

156 7 

0 316 

0 358 

32 

M 

0 866 

10 0 

115 4 

0 300 

0 345 

33 

M 


13 5 

164 3 

0 285 

0 330 

34 

F 

0 835 

11 8 

141 4 

0 340 

0 382 

35 

F 

0 683 

10 0 

171 5 

0 340 

0 382 

36 

M 

0 582 

8 5 

146 1 

0 315 

0 369 

37 

F 


13 2 

104 3 

0 320 

0 362 

38 

M 


23 0 

114 4 

0 288 

0 310 

39 

M 

2 695 

35 0 

129 9 

0 290 

0 308 

40 

M 

2 960 

38 5 

130 1 

0 300 

0 316 







— 


• BBC = Bed blood corpuscles (millions per c mm ) 

H B = Htematocrit reading . 

J1CV >= Mean corpuscular volume in fi 
M C F ' - Median corpuscular fragility (g per cent KnCl) 


Results and discussion 

The value for the normal mean MCF used in the present work 
is that obtamed by Dacie and Vaughan in a series of 50 healthy 
subjects In our senes the mean MCF for the 40 cases was 
0 316±0 004 per cent NaCI, a figure significantly lower than the 
normal value of 0 366 per cent Further, the range of values 
and the coefficient of variation were markedly mcreased (table U> 
and chart I) These figures, however, cannot be accepted as 
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expressing the true fragility, as part of the decrease is due to the 
higher proportion of plasma, and therefore of salts, m anaemic blood 
(dreed, 1938 , Dacie and Vaughan, 1938), -which causes a consider- 
able increase in the salt concentration of the test solution The 
amount of plasma added can be calculated from the haematocnt 



Chabt 2 — Frequency distribution of M C V 
H Normals, 6 and 9, 50 cases (Dacie and Vaughan, 19SS) 

□ Tropical macrocytic anemia, <5 and 9 , 39 cases Corrected values 

reading, and if the amount of saline used is 1 ml, te 22 drops, 
the final concentration, assuming plasma to be equivalent to a 

0 9 per cent NaCl solution, will be 22 M C F 0 9 w jj ere “ p ” 

22— P 

is the amount of plasma added to each tube The figures obtained 
in this series, thus corrected, are shown m the last column of 
table I and m chart 2 The difference between the mean corrected 
M C F and Dacie and Vaughan’s figure for normal M 0 F is 0 010 
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importance is attached to this finding The smgle case ■with a 
greatly increased MOP was a woman with a history of malaria 
and a greatly enlarged spleen, hut no signs of recent malaria 

Summary 

1 The uncorrected median corpuscular fragility m 40 cases of 
tropical macrocytic anaemia lay between 0 255 and 0 375 per cent. 
Nad, with a mean of 0 316 per cent The normal mean of 
0 366 per cent , determined by the same method, is significantly 
higher 

2 The difference could be largely eliminated by applying a 
correction for anaemia the range m 39 of the above cases then 
becomes from 0 302 to 0 428 per cent Nad, mean 0 356 per cent 
The normal mean is only probably significantly higher than this 
corrected figure The exclusion of all pregnant or recently dehvered 
patients from the anaemia senes made the difference between the 
mean MCP of this senes and that of the normal 0-0174 per cent 
Nad, standard error 0 0068, a significant difference 

3 The MCE for men and non-pregnant women was significantly 
lower than the MCE of pregnant women but the number of 
pregnant women tested was small 

4 It is suggested that pregnancy may result m an mcreased 
fragility, masking the decrease which takes place m uncomplicated 
tropical macrocytic anaemia 

5 Using the corrected figures for MCE there was no correlation 
between the degree of anaemia and the value of this figure 

The expenses of this work were met by a grant to one of us (L W ) from 
the Lady Tata Memorial Trust We wish to express our thanks to the 
physicians of the Cama and Albless, the Golculdas Tejpal, the Jamset]ee 
Jeejeebhoi and the Bai Motlibai Hospitals, Bombay, who kindly allowed 
us to mvestigate their patients, and to Colonel S S Sokhey of the Haffkme 
Institute for laboratory facilities 
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demonstrate gross differences in bactericidal power m a Btnking manner 
(Fleming, 1938), it is not the method of choice for all purposos It is some- 
what misleading in that it fails to register the maximum bactericidal offort 
of which a given blood is capable Evidence of this will be given later in 
this papor It may bo misleading also in that the failure to develop visible 
colonies m the blood may bo attributed to actual destruction of the cocci, 
whereas in roahty tlicso aro alivo but unable to multiply In practice such 
a mistako will only occasionally occur. The method is also inconvenient 
because the rapid development and coalescence of licemolytic zones round 
tho colonies make it nocessary to observe the cells at intervals from 0 to 
16 hours This spreading hfemolysis usually makes it impossible to count 
discrete colonies after about 8-10 hours 

The agitated tube method 

Tho infected blood is incubated m tubes and measured samples removed 
at appropriate intervals to determine the numbor of viable cocci surviving 
To obtain an optimal bactoncidal effect it is essential to keep the blood in 
constant motion, thus securing frequent contact between leucocytes and 
bacteria (Todd, 1927a) For this reason tho method of “ stationary” tubes 
is of very httlo value for bactericidal experiments with blood and need not 
be further considered 

In almost all tho experiments lioro reported the tubes wore agitated, 
oithor by rotation on a drum Rotating tubo method of Todd, 1927a), or by 
fioquent contact with rubber vanes rovolvmg in a water-batli at 37° C 
(water-bath mothod of Willcocks, 1938) This procedure is unsatisfactory 
in one respect, namely, that it usually involvos making a bacterial count 
at least twice in the course of incubation if wo are to obtain an instructive 
record of tho changes occurring in the streptococcal population 

With human blood this population usually shows a rapid dechno during 
the first 1-3 hours, owing to destruction or aggregation of tho microbes by 
tho leucocytes , after that timo (depending upon the conditions of experiment 
and other factors) any streptococci which have survived multiply moro or 
less rapidly, ofton reaching a maximum of many millions per c o. within 
24 hours All depends, therefore, upon the time of making tho bactonnl 
counts whether we register an incomplete or a maximal bactoncidal effect, 
or nono at all We know of no way in which this difficulty can be overcome 
In spite of it, the mothod appears to us to give more valuable information 
than any other at our disposal 

It lias been oxtonsivoly used by Todd (19276), Hare (1934, 1936) and 
Spink and Keefer (1930), but the results obtained by these workers are not 
quite comparable Both Todd and Hare took cognisance chiefly of tlie 
changes in tho streptococcal population occumng aftor 1-3 hours’ incubation, 
while Spink and Koefor observed tho result after 24 hours’ incubation In 
our own work we have sometimes made counts in tho early and late stages 
of incubation , at other times we havo registered only the final result 
(24 hours). 

Methods employed for determining the population changes 
occurring m serum 

(a) A moasurod volumo (6 or 10 c mm ) of streptococcal culture suitably 
diluted was implanted into 200 c mm of fresh sorum After incubation 
in open or in closed tubes measurod samples were withdrawn and oxplnnted 
into melted blood agar 

(fa) A 6 c mm volume of diluted culture was mixed with a 60 c mm 
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had usually resulted in abundant outgrowth of the cocci m the 
blood Typical examples of the different effects observed with 
several strains are shown m table I. It seemed probable that 
the striking difference between the open and closed tubes might 
depend upon gaseous interchange through the cotton wool plug 
but it was not at all clear how this might affect the blood- 
streptococcus mixtures 

Table I 

Effect on the survival of Ixasmolytic streptococci of agitation in 
human blood at 37° G 



Strains 


Bob!) 

(mouse- 

virulent) 

Tumor 

vs 

(ai iralent) 

Bfchards 

(avimlent) 

Bichards 

(virulent) 

Sapsford 

No of cocci implanted 

18,800 

26,400 

13,400 

40,800 

13,200 

Surviving after 16 hours’ 
agitation in closed tubes 

oc 

OC 

8 

millions 

2 6 

millions 

OC 

Surviving after 16 hours’ 
agitation m open tubes 

0 

0 

30 

0 

0 


The same sample of blood was used in the open and closed tubes with each strain 


The possibility that access of oxygen to the open tubes might 
favour phagocytosis was ruled out when we found that the strepto- 
coccal population showed similar changes if the blood had been 
heated to 45° C (to kill the leucocytes) 

The conversion of glucose into lactic acid had also to be con- 
sidered, but this change took place almost equally m open and closed 
tubes on incubation at 37° C (table 31) We therefore investigated 

. Table II 

Showing the progressive loss of glucose from blood during agitation 

at 37° C 


Period of agitation 
of blood at 37“ C 
(hours) 

Sugar content of blood 
in open tubes 
(mg percent) 

Sugar content of blood 
in closed tubes 

0 

88 

88 

1 

43 

46 

2 

29 

33 

3 

6 

18 


the more likely hypothesis that escape of C0 2 from the open tubes 
might adversely affect the metabolism of the streptococci 
Gladstone, Tildes and Richardson (1935) had shown that “ the 
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found that the pH of a sample of defibrmated blood after agitation m an 
open tube for 30 hours at 37° 0 had risen only to 7 95, as compared with 
7 7 for a fresh sample examined at the same time (Wo are indebted to 
Dr Elford and Mr Jacobs of the National Institute for Medical Research for 
these tests ) 

It is very improbable therefore that the failure of streptococci to survii'e 
and grow m blood agitated in open tubes is due to pH changes, which are 
relatively small 


Evidence, that the loss of CO 2 from blood agitated in open tubes is chiefly 
responsible for the inability of the streptococci to survive and grow 
m such blood 

Streptococci were incubated in blood with varying concentra- 
tions of C0 2 , and their fate determined These concentrations were 
regulated by three different methods, as follows 

(1) The “ large atmosphere " method. Heated blood (see footnote 
to p 445) plus streptococcus mixtures (total volume 1 5 c c ) were 
agitated at the bottom of V-shaped tubes, the two limbs of which 
were connected by rubber tubing with the top and bottom 
respectively of a litre reservoir containing a known concentration 
of C0 2 m air Since the V tubes were immersed m a water-bath 
at 37° C and the reservoir was at room temperature there was a 
continual circulation of the C0 2 -enriched air through the V tubes 
By varying the concentration of C0 2 m the reservoir it was possible 
to regulate the loss of C0 2 from the blood m the V tubes since this 
would proceed only until equilibrium with the air above it was 
estabhshed * 

In table IV it is seen that when the C0 2 content of the air space 
was kept above 0 7 vol per cent the streptococci were able to 
multiply freely when the C0 2 content was below that figure they 
were unable to do so or died off completely 

(2) The “ small atmosphere ” method In this the loss of C0 2 
from the agitated blood was automatically regulated by varying 
the ratio of the volume of blood to that of the air above it m a closed 
tube (table V) Blood can hberate about half its volume of C0 2 
Thus if 100 cmm are shaken in a 15x1 5 cm tube (volume 
approximately 15 c cm ) 50 c mm of C0 2 will be hberated and the 
C0 2 in the air above the blood will rise to about 0 3 per cent 


* It will be evident that the C0 2 content of a fluid bears a fixed relation to the 
C0 2 content of the atmosphere above The ratio depends on the temperature, ana 
for blood at 37° C is about 0 5 that is to say whatever the CO s content °* 
air in the tube the fluid will contain half that concentration of free CO, In 0 
figures for total C0 2 content of blood used m this paper refer of course to bicarbonate 
plus free CO, The percentage of this total C0 2 wluch is free can be calculated by a 
physico-chemical equation if the pH of the blood is known The more alkaline tn 
blood, the smaller the proportion of CO t which is free At pH 7 5 four per cent i 
free, at pH 8 about one per cent When blood is agitated at 37° C m an op 
tube its alkalinity rises gradually and approximates to pH 8 when all the CU 2 
exhausted 
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Table VI 


Showing correlation between changes in the streptococcal population and the 
CO s content of the air in closed tubes ( small atmosphere method) 


Volume of 
infected 
blood 

CO, concentration 
in air of tube at 
end of experiment 

0 ols per cent ) 

Xumber of streptococci per 100 c mm implanted in the blood (brackets) 
and after agitation in closed tubes for 24 hours at 37° C 

Strain Fenner 
(typo 6) 

Strain Btrhards 
(type 3) 

Strain Glllard 
(type 17) 

Strain Sapford 
(type 

undetermined) 

100 c mm 

300 „ 

600 „ 

0 27 (approx ) 

0 84 „ 

1 37 „ 

(5800) 30 

(6800) 1,200 

(6800) 28,000,000 


n 



Four other strains were tested m the same way With all, we 
obtained a similar correlation between the population curve and the 
C0 2 content of the air of the tubes, but with two (strams Chapman 
and Murray) it was less striking than the examples shown in table VI, 
considerable growth occurring in 100 c mm of blood Although these 
two latter strams therefore proved to be rather less sensitive to the 
diminished C0 2 concentration than the six others, they were quite 
unable to survive and multiply if the blood had been exhausted 
of its C0 2 (by shaking m an open tube for an hour or two) before it 
was implanted with streptococci 

(3) The “ regulated atmosphere " method The third way of 
adjusting the amount of C0 2 in the atmosphere was by using a 
fixed amount of blood in a closed tube, the blood having previously 
been shaken for a certain time m an “ open ” tube before the 
streptococci were implanted into it. By varying the period of 
preliminary shaking in the open tube the amount of C0 2 available 
for hberation into the air of the closed tube was regulated at will 
The few experiments carried out by this method confirmed previous 
results 


Confirmatory evidence 

The results obtained by these three methods strongly suggest 
that the loss of C0 2 from the blood agitated m open tubes is 
responsible for lack of growth of the streptococci To make this 
still more certain it was necessary to show that blood made unfit for 
growth of streptococci by loss of C0 2 is able to support growth when 
C0 2 is returned to it This is shown by the following experiment 
Heated human blood was deprived of practically all its C0 2 by agita- 
tion m an open tube at 37° C and was implanted with streptococci 
and distributed by 300 c mm vols mto 15x1 5 cm tubes The air 
of these tubes was replaced by air containing known concentrations 
of CO a , they were then closed with a rubber bung and agitated 
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a part in this restriction of growth, but we have as yet not much 
evidence of this 

Outgrowth of the streptococci from the beginning. of incubation 
— i e without any primary phase of destruction or aggregation — 
has seldom been observed by us with human blood, but the strains 
we have used have not been cultivated repeatedly in human 
serum, unlike those of Todd (19276), nor were most of them freshly 
isolated from very severe human infections as were those of Hare 
(1934), which showed immediate outgrowth in blood It is of 
interest to note however that some of the strains we used were of 
high virulence for mice (after repeated passage) Even these 
strains usually showed a considerable reduction of the count during 
the first 2 or 3 hours of incubation with normal human blood 

Our experience of repeated observations on the blood of 11 
normal individuals (laboratory personnel), embracmg some 200 tests 
with 10 strains of haemolytic streptococci (Griffith types 2, 3, 6, 11, 
28 and four others unidentified) may be summarised as follows. 

(1) The blood of all normal individuals is able to loll some 
strams and fails to kill others We have frequently registered 
complete killing of streptococcal implants rangmg from 1000 to 
100,000 per c c of blood and occasionally even higher figures 
Often, too, the test was not carried to the upper limit of lolling 
This is in conformity with the experience of Spink and Keefer 
(1936) and of Hare (1934) 

(2) There is considerable variation between normal individuals m 
respect of a given strain (table VII), and we have observed variable 
effects with the blood of the same individual from time to time 


Table VII 

Changes of streptococcal population in three normal bloods tested 
at the same time and under the same conditions 


Blood of 

Streptococcus, strain Robb, (erysipelas) typo 3 mouse virulence high 

Number of cocci Implanted (brackets) and number surviving in 200 c mm 


of blood after Incubation in rotating tubes for 24 hours 

L C 

(37) 1,200,000 

(3700) 9,280,000 

W R M 

(37) 0 

(3700) 0 

R R 

(37) 9,400,000 

(3700) 13,860,000 


Streptococcus, stram Turner, (puerperal fever) mouse virulence low 

A T F 

(248) 192,000 

(24,800) oc 

W R M 

(248) 1,500,000 

(24,800) oe 

G H 

(248) 0 

(24,800) 2580 


(3) The capacity of normal human blood to loll large numbers 
of haemolytic streptococci was not related to recent infection by 
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Results obtained with human sebum: 

Tillett (1937) reported a rapid falling off in the number of viable 
haemolytic streptococci when certain strains were incubated with 
the serum of febrile patients This falling off appeared to be a 
true bactericidal and bacteriostatic effect and not attributable to 
agglutination His experiments were conducted in stationary 
wool-plugged tubes The bactericidal effects did not occur when 
the tubes were mcubated under anaerobic conditions In a later 
paper Tillett and Stock (1937) expressed the view that the results 
obtamed were referable to some bactericidal principle — the nature 
of which remains obscure — present in the serum of febrile patients 
and not in normal serum , but they recognised also that the 
increasing alkalinity of serum (above pH 9 0) occurring before and 
after implantation with streptococci exercised similar destructive 
action 

Our own observations deal with the fate of haemolytic streptococci 
m the serum of normal individuals In stationary tubes, open or 
closed, we found, as Tillett had done, that these streptococci were 
able to survive and multiply Although they grew freely as a 
rule, the maximum reached was usually somewhat lower than that 
in defibrmated blood Similar population changes occurred in 
closed tubes which were agitated during incubation, and this was 
so even if the serum used had previously lost some of its CO. by 
exhaustion m vacuo at room temperature 

If the serum was first agitated m an open tube at 37° C for 
20 hours or m a vacuum for half an hour at the same temperature 
and then inoculated, orgamsms were unable to multiply freely 
and were often killed rapidly during subsequent incubation (in a 
closed tube). During preliminary agitation at 37° C in contact 
with air, or exhaustion m vacuo, there was a very considerable rise 
m pH — to 9 0 or even higher Evidently there had been a 
considerable decomposition of sodium bicarbonate to carbonate 
2Na HC0 3 — >-Na 2 C0 3 +H 2 0+C0 2 When a watery solution 

(0 2 per cent ) of bicarbonate was agitated m an open tube 
at 37° C , 50 per cent of it was converted into carbonate after 
20 hours %n vacuo at 37° C the change was much more rapid 

To determine whether the alkalinity of the serum worn 
account for its bactericidal and bacteriostatic properties strepto- 
cocci were planted mto fresh human serum adjusted to differen 
pH values, with subsequent agitation m closed tubes at 37 
Control volumes of serum which had not been adjusted were 
similarly implanted with streptococci and mcubated m close 
and open tubes respectively The pH levels reached after mcu a 
tion and the changes m the streptococcal population are shown 
m table IX A similar correlation between the streptococca 
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fate of haemolytic streptococci m their blood Earlier work had 
brought to light the anomalous fact that the blood of mice and 
of rabbits under treatment by curative doses of sulphamlamide, 
although on chemical assay it contained at least as much of the 
drug as the blood of human patients similarly treated, had much 
less bacteriostatic and bactericidal effect upon streptococci im- 
planted into it A s imilar difference was also observed when the 
drug was added to the blood m vitro 

The observations we have made with regard to the fate of 
haemolytic streptococci in the blood of rabbits and mice may be 
summarised as follows 

(a) In the blood of rabbits and mice, agitated in closed tubes, 
there was little or no initial reduction of the streptococcal count 
and even the smallest implants (1-20 cocci) always grew out freely 
within 20 hours Apparently the leucocytes, unlike those of 
most samples of human blood, were unable to destroy even a very 
few streptococci, at least under the experimental conditions 
employed Blood from 5 mice and 5 rabbits was used for these 
tests and 2 strains of group A streptococci (Griffith type 3 and one 
undetermined) • table X shows typical results 


Tabus X 

Changes in streptococcal population in the unheated blood of mice 
and rabbits ( closed tubes) 


Blood 

Strain Kicliards 

Strain Turner 

Number of cocci Implanted (brackets) and number snrvhlng in 200 ojnm 
of blood after Incubation In rotating tubes for 


2 hours 

20 hours 

2 hours 

20 hours 

Mouse A 

(95) 4200 

x 

(300) 150 

X 

„ B 

(95) 5400 

cc 

(300) 480 

X 

it C 

(95) 6300 

oc 



Babbit D 

(95) 2250 

CC 

(300) 5850 

cc 

„ E 

(95) 3750 

cc 

(300) 4800 

X 

» E 

(95) 4375 

CC 

(300) 4800 

X 


(b) The blood of rabbits and mice provides a more favourable 
medium than that of man for the growth of haemolytic streptococci 
This was demonstrated m blood that was heated to 45° C for 
half-an-hour to eliminate the factor of leucocytic killing a typical 
result is shown m table XI 

(c) The blood of rabbits and mice, when agitated in open 
tubes, frequently permits the growth of haemolytic streptococci 
(5 strains out of 6 tested with the blood of rabbits, 2 out of 4 with 
the blood of mice) in spite of the fact that C0 2 is lost on agitation 
at 37° C as fast as or even a httle faster than it is from human 
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It is difficult to say whether the total C0 2 values for the inoculated blood 
shown m this experiment represent a, free C0 2 level as high as that required 
by most strains when growing in human blood, i e approximately 0 5 vol 
per cent The pH. of rabbit’s blood after streptococci have grown freely 
in it in an open tube is 7 5 At this reaction and with a total C0 2 level of 
nearly 3 per cent we should expect the concentration of free C0 2 to be 
approximately 0 15 vol per cent , but, since some of the total C0 2 has 
been produced by the metabolic activity of the streptococcus, there is some 
doubt whether the usual relationship between C0 2 , bicarbonate and pH 
will hold good If it does not, the level of available C0 2 in rabbit’s blood 
during the growth of streptococcus may be equal to that required by that 
organism m human blood It may be that the extra growth factor present 
in rabbit’s blood {see below), by facilitating their rapid multiplication, 
enables the cocci to produce enough C0 2 for their needs before the supply 
m the blood gives out 

(2) The presence of special growth-promoting factors m ammal 
blood enables vigorous metabolism of the streptococcus to take 
place in a medium of lower C0 2 concentration than it otherwise 
would 

The following observations lend support to this new and also pronde 
evidence of the existence of a special growth-promoting factor in the blood 
of rabbits and mice 

(а) A 20 per cent addition of rabbit or mouse red corpuscles (washed 
and heated) to heated human blood enabled haemolytic streptococci (strains 
Turner and Chapman) to grow out when the C0 2 concentration was too 
low to allow of growth without such an addition, i e in an agitated open 
tube 

It was possible to extract from the red corpuscles of the mouse a substance 
or substances which had the same effect as whole cells in facilitating the 
growth of streptococci in heated human blood The haemoglobin was 
precipitated by alcohol, the precipitate filtered off and the filtrate evaporated 
to dryness The water-soluble fraction of this residue contained the growth- 
promoting factor or factors 

(б) The addition of one per cent peptone or Lemco, of mouse or rabbit 
urine or of alcoholic extracts of these urines, to heated human blood enabled 
streptococci to grow m open tubes just as ammal red corpuscles had done 
Human urine and lactose did not have this effect 

In connection with hypothesis (2) above, it is of interest to 
record also that some strams which grew very sparsely in a poor 
nutrient medium (trypsimsed heart broth diluted eightfold) 
agitated in open tubes at 37° C gave four times as much growth 
m the same medium in closed tubes m an atmosphere containing 
1 per cent of C0 2 (With the Richards strain there was little 
difference ) Similarly m diluted mouse blood the strain Turner 
gave twice as much growth in an atmosphere containing 1 per cent 
of CO a as it did in an agitated open tube 

RESULTS OBTAINED WITH AOTMAIi seba 

The changes m £>H observed with the sera of rabbits and mice 
on agitation at 37° C m open and closed tubes respectively were 
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Similar results have been obtained on many occasions and leave 
no room for doubt that, if we wish to determine the maximum 
antibacterial effect of a given sample of blood, the rotating tube 
method is far better than the slide cell method This statement is 
not necessarily apphcable to bactericidal experiments with other 
bacteria or with the blood of animals. 

Attention may be called to one practical point m connection 
with bactericidal tests It has been observed by Dr E W Todd, 
Dr G Buttle and ourselves, and confirmed by Dr C B Dyson 
(1938), that haemolytic streptococci (group A) in blood and serum 
are surprisingly sensitive to very small rises of temperature 
Exposure to 40° C for a few hours was sufficient to kill the 5 strains 
we have tested On one occasion the small amount of heat 
geneiated by an electno motor m the incubator led us to faulty 
conclusions 

Discussion. 

(1) What bearing have the data obtained with blood m vitro upon 
the initiation and development of human infections by hccmo- 
lyhc stieptococci ? 

Two pomts may be made in this connection {a) If it is 
legitimate to assume that the abihty of human defibrmated blood to 
loll streptococci m vitro gives some indication of the capacity of 
whole blood to deal with such orgamsms in the circulatory system, 
and also perhaps a less clear indication of the defensive potentialities 
of the human fixed tissues, m which invading bacteria are usually 
first lodged, then it would seem to follow that certain individuals 
are much less susceptible than others to infection by lircmolytic 
streptococci , also, that by a bactericidal test of the blood, the 
degree of susceptibility of any person to a particular strain can 
be roughly estimated (6) The C0 2 content of the circulating 
blood is at its lowest m the arterial blood leaving the lungs, where 
it has been m equilibrium with about 5 per cent of C0 2 , and it will 
rise during the passage of the blood through the veins and capillaries. 
It is clear, therefore, that the CO s content of the circulating blood 
must at all times be greater than that m the blood agitated in the 
closed tubes of our experiments and therefore much more than 
enough to permit the survival and multiplication of any haemolytic 
streptococci which reach the blood stream, eg. from a septic 
thrombophlebitis or ulcerative endocardial lesion The fact that, 
m spite of such favourable conditions for growth of streptococci m 
the blood stream, these microbes very seldom do multiplj 1 " freely 
until the last few hours of life, stiongly suggests that the cocci are 
continuously removed and destroyed, probably by leucocytes 
during the slow transit of the blood through capillaries and by the 
leticulo-endotlielial system, and that tins clearing mechanism is 
remarkably effective m human beings 
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(3) Why do haemolytic streptococci ( group A) need so high a con- 
centration of C0 2 for their survival and growth m human 
blood ? 

We cannot at present give an adequate explanation of this 
phenomenon It has been suggested, m view of the fact that many 
bactena need a small amount of C0 2 when growing in nutrient 
media, that this weak, easily diffusible acid is essential for the 
proper control of the acidity inside the bacterial cell But the 
concentrations required for growth in human blood are very much 
lugher than those required in animal blood or broth It does not 
seem probable that so much more C0 2 should be needed for diffusion 
purposes m human blood than m the other media 

Smce fat-soluble acids may also be able to diffuse through 
the bacterial envelope it was thought that growth might occur m 
the absence of much C0 2 if such acids were added to human blood 

A 0 1 per cent addition of tlie acids was made to human blood, which 
was then inoculated with cocci and agitated in open tubes at 37° C The 
following fatty acids were used hoptoic acid (CH 3 (CH „) 6 COOH), undecoio 
acid (CH 3 (CH .) 9 COOH) and stoanc acid (CH 3 (CH 2 ) 1B COOH) Even 
m the presence of these acids no growth occurred With the following 
dibasic acids growth did occur adipic acid ((CHjJj (COOH) 2 ), sebacic acid 
((CHn)g (COOH),) When/ however, solutions of adipic and sebacic acids 
neutralised to pH 7 4 were used no growth took place 

The results are conflicting, and the failure of the fatty acids 
to be effective makes the diffusion idea less probable 

A more probable explanation is that human blood lacks some 
factor necessary for the growth of hsemolytic streptococci, which 
carbon dioxide can replace The fact that the addition of peptone, 
Lemco, mouse or rabbit blood or urine, or alcohohc extracts of the 
latter, enables haemolytic streptococci to grow m human blood in the 
absence of much C0 2 indicates that the problem is primarily a 
nutritional one 


Conclusions 

(1) The fate of haemolytic streptococci in normal (defibrmated) 
human blood m vitro is a resultant of three factors, two of which 
(a and c infra) operate more or less effectively according to the set 
up of the experiment These factors are — 

(а) The efficiency of the destructive agencies of the blood 
(leucocytes, opsomc and pro-tryptic functions of the serum) 

(б) The nutritive requirements originally present m the blood 

(c) Chemical changes occurring m the blood during incubation 

The most important of these is the rapid loss of C0 2 which occurs 
if the blood is agitated in an open tube at 37° C When blood is 
agitated in a closed tube with small air space, the C0 2 loss is not 
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In previous experiments (Evans and Maitland, 1939} it was shown that 
with living suspensions the litre was twofold and sometimes fourfold the 
titre shown with heated suspensions 

The sera were also tested by slide agglutination A loopful of living 
suspension (10 u organisms per c c ) made as descnbod above was mixed 
with a loopful of undiluted serum The tests were read under the microscope 
The positive reactions wore very definite and almost immediate, marked 
clumping occurring throughout the drop The control suspensions and 
negative reactions showed no granularity 

Test for neutralisation of toxin 

Pertussis toxin m the form of an extract of frozen and thawed and ground 
bacilli was freshly prepared as described previously (Evans and Maitland, 
1937) Twofold dilutions from 1 . 40 to 1 1280 were made m water To 
0 15 c c of each dilution 0 16 c c of undiluted serum was added and the 
mixture left at room temperature for f-1 hour Intraderma] inoculation 
was then made of 0 2 c.c of each mixture into the shaved back of a rabbit 
Three whooping cough sera and one normal adult serum as a control were 
tested on one rabbit The same control serum was used throughout The 
size of the lesions was measured after 2, 4 and 0 days The end-pomt was 
taken as the highest dilution of toxin wluch produced a necrotic lesion 


Besults 


The results of complement fixation, agglutination and neutralisation 
tests aro shown m the table With the exception of serum la (taken 4 days 
after onset of illness) all fixed complement and all but one agglutinated 
None however neutralised toxin In any one rabbit the size, rate of 
development and appearance of the lesions os well as the end-pomt were 
identical for all four sera In preliminary tests no difference was observed 
between toxm mixed with control serum and toxin alone It is seen from 
the table that some variation m reactivity between individual rabbits 
occurred wluch necessitated a control for each animal. Sera la, lb and lo 
come from the same patient , the first sample (after 4 days’ illness) had no 
antibodies , later samples fixed complement and contained agglutinin, but 
none neutralised toxin 

.Discussion 


These results confirm our earlier experience and support the view that 
pertussis toxm is not antigenic The toxm is vory labile, wluch adds to the 
difficulty of separating it from other material m the extract and determining 
its chemical nature At present it is not possible to explain by experimentally 
obtained data why the toxm should not be antigenic In view of its lability 
the possibility has been considered that neutralisation might occur m vivo 
by some mechanism other than diroct combination of toxm and antitoxin 
On the other hand rabbits and guinea-pigs which were immunised by living 
H pertussis reactod normally to the mtradermal injection of toxin (Evans 
and Maitland, 1937) Wo have tried to detect neutralisation by injecting 
0 1 c c of convalescent serum mtradormally into the shaved back of a rabbit 
and one hour later injecting 0 1 c o of toxin into the same area. Tlio 
preliminary injection of serum did not neutralise the necrotic effoct of the 
toxm 

Summary 

Twenty-three sera from cases of whooping cough failed to neutralise 
pertussis toxin 
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AGGLUTINATION AS A DIAGNOSTIC TEST FOR 
WHOOPING COUGH 

D G Evans and H B Maitland 

From the Department of Bacteriology and Preventive Medicine, 
University of Manchester 

Complement fixation is recognised as a test of value for confirming the 
diagnosis of whooping cough Agglutination has been tried for the same 
purpose, but the literature on tins subject suggests that agglutination is 
too inconstant in whooping-cough sera and occurs too often m normal sera 
to afford a reliable test (Bordet and Gengou, 1907 , Wollstein, 1909 , 
Winholt, 1915, Povitzky and Worth, 1916, Donald, 1938) We ha\e 
compared the relative diagnostic value of these two tests The technique 
is described m the preceding paper The results may be considered m 
three groups 

(a) Gases of whooping cough diagnosed clinically whose sera fixed complement 
The 21 cases in this group, none of whom had had vaccme, are shown in 
the table of the preceding paper (p 467) Sera la, lb and lc came from the 
same case and as serum la was taken on the fourth day after onset and 
did not fix complement it is excluded Of these 22 sera 18 showed slide 
agglutination and had a tube agglutination titre of 1 . 40 or higher (table) 
Three showed slide agglutination only Thus with one exception (no 18) 
sera winch fixed complement also agglutinated 

(b) Cases or suspected cases of whooping cough whose sera did not fix 
complement In this group there were 15 cases (table) Cough plate 

Table: 

Comparison of agglutination and complement fixation 
as diagnostic tests for whooping cough 


slide 

agglutination 

21 

4 

4 


Total 76 29 


Number of 
sera 


(а) Cases of whooping cough whose 22 

sera fixed complement 

(б) Cases or suspected cases whose 16 

sera did not fix complement 
(c) Controls (cases without clinical 39 
signs of whooping cough 
whose sera did not fix com- 
plement) 



examinations were not made None of the cases had vaccme Of the 
15 sera 4 agglutinated, the respective titres being 1 80, 1 80, 1 3 
and 1 640, and these sera also showed slide agglutination The remaining 
11 sera did not agglutinate by either method It is probable that tie 
agglutinin m the serum of the four exceptional cases indicated presen 
infection , the ages of these patients were between 15 months and 3 j r ears 
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6i6 . 832 . 9 — 002 — 022 : 576 . 851 . 4 (Bad monocytogenes ) 

A CASE OF MENINGITIS DUE TO BACTERIUM 
MONOCYTOGENES 


Helen A Weight and Agnes R Macgbegob 

From the Royal Edinburgh Hospital for Sick Children and the 
Department of Bacteriology, University of Edinburgh 

(Plate LIV ) 

As there are still comparatively few published records of disease in man 
caused by Bad monocytogenes, it is desirable that new cases should ho 
repoited References to previously published cnscs m man and animals 
may bo found m the papers of Webb and Barber (1937) and Barber (1939) 


Case record 

The patient, a boy aged 17 months, from Grangemouth, Stirlingshire, 
was healthy until, m January 1938, he developed cbickenpox A woelc 
later signs of meningitis appeared and ho died on the seventh day thereafter, 
three days aftor admission to the Royal Edinburgh Hospital for Sick Children 
Lumbar puncture was performed three times while I 10 was in hospital 
On each occasion the cerebro -spinal fluid was under pressure and turbid, 
and microscopical examination revealed large numbers of mononuclear and 
polymorphonuclear cells and mtra- and extracellular fine Gram-positive rods 
(fig 1) These showed a tendenoy to chain formation, but were most often 
smglo and lying at an angle to one another Long, short and sometimes 
curved forms were present No other organisms were seen Aerobic 
culture on blood agar produced a pure and fairly profuse growth from each 
specimen in twenty-four hours The results of differential coll counts on 
two specimens of cerebro -spinal fluid are set out m the table 

Both show a considerable content of large mononuclear colls, amounting, m 
the case of the specimen withdrawn on the day of death, to no less than lia 
the total number of cells present Unfortunately no blood count was done 
At necropsy a typical suppurative lepto-meningitis was found 1 
purulent exudate was thickest over the vertex and frontal lobes, but was 
present at the base also Both middle oars contained pus, though there 
had been no clinical signs of otitis media Nothing else of interns wn 
found in any of the organs excopt the liver, which was pale and s ’ lOT ^ r ’ 
through the peritoneum, numerous grey flecks about 1 mm in diam 
On section some of these were seen to extend a short distance down r 
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and sometimes m the spleen and elsewhere Intravenous injection of similar 
doses usually killed the animal rapidly, before any lesions m the liver could 
be detected with the naked eye The organism was recoverable from the 
blood, liver, spleen and kidneys Both macroscopically and microscopically 
the appearance of the liver lesions resembled very closely the published 
descriptions of Webb and Barber Numerous small areas of focal necrosis 
were present, with large numbers of bacteria m all the foci Their distribution 
had no relation to the zones of the hepatic lobules Denso infiltration with 
polymorphs and mononuclear cells occurred around the foci (fig 3) The 
lesions found in other abdominal organs were similar. No intracranial 
lesions occurred 

Commentary 

From these pathological and bacteriological findings, as well as from the 
clinical history, there is no doubt that this was a case of meningitis due to 
infection with Bact monocytogenes As in previously recorded cases, no 
clue to the source of the infection was discovered Otitis media was found 
at necropsy, and it may be significant that this condition was present m 
two of the cases described by Bum (1936). There was, however, no 
bacteriological evidence in our case that the organism was present m the 
middle ears It is generally suspected that Bact monocytogenes may be 
more widely distributed among animals than is at present realised Efforts 
were made to trace any contact with healthy or diseased animals m this 
case, but without success 

We are indebted to Dr Lewis Thatcher, under whose care the patient 
was admitted to hospital, for permission to publish this case , to Professor 
Robert A Webb, Royal Free Hospital, London, for serum and for his interest 
in the bacteriological investigation , to Professor T J Mackie for Ins interest 
and advice , and to Miss Joyce Cranfield, B Sc , for assistance with the 
animal experiments The cost of experimental animals was defrayed out 
of a grant from the Earl of Moray Endowment of Edinburgh University. 
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6 i 6 . 126 . 561 : 616 . 13 — 002 . 2 

STENOSIS OF THE PULMONARY VALVE DUE TO 
SEVERE ATHEROMA 

Ceciee R Donigeh 

From the Department of Morbid Anatomy, University College 
Hospital Medical School, London 

(Plate LV ) 

Although atheroma of the pulmonary artery and its branches is not 
uncommon, severe involvement of the pulmonary valve must be a ran^y 
smee extended searoh of the literature fails to disclose a case la 
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618 . 19 — 006 . 46 — 032 . 2 : 616 . 831 

A SOLITARY CYSTIC METASTASIS IN THE BRAIN 
PROM A CARCINOMA OF THE BREAST 

R A Willis 

From the Pathology Department, Alfred Hospital , and the Department 
of Pathology, University of Melbourne, Victoria, Australia 

(Plate LVI ) 

Pronounced cystic change m metastatic carcinoma m the brain is unusual, 
but is occasionally of such a degree that the cancerous epithelium is present 
only as a micioscopically thin layer lining a large cavity I have already 
described an example of tins kind and have referred to other records of cystic 
metastatic growths m the brain (Willis, 1934, p 355 and fig 89) Carcinoma 
oi the lung is the most frequent source of such metastases The following 
case is noteworthy in that the only metastasis from a mammary carcinoma 
was a large cyst hned by cancerous epithelium situated m the cerebrum 

Case report 

M H , a woman 64 years old, was admitted to hospital m November 1937 
In 1931 she had received radium treatment for a growth of the left breast 
Ever since then she had had a deep ulcer at the site and of recent months 
the ulcer had extended and had begun to bleed Examination showed a 
large foul cavity m the left mammary region, exposing and partly destroying 
several nbs The patient died a few days after admission 

Post-mortem examination The cause of death was radium necrosis of 
the chest wall, with extension into the lung and pneumonia There was 
no sign of any residual growth in the tissues around the necrotic area, and 
careful examination failed to roveal any metastatic deposits m any of the 
thoracic or abdominal viscera or in the skull, ribs or vertebra; In the white 
matter of the occipital lobe of the right cerebral hemisphere, separate from 
the ventricle, there was an irregularly rounded cavity 3 cm m diameter 
(fig 1) with brownish watery contents Most of the inner surface of its 
wall was smooth or only finely nodular, but at one part there was a firm 
projecting nodule 6 mm m diameter m wluch some small foci of calcification 
were felt on cutting across it This area was the only part of the lesion 
wluch to the naked eye suggested the presence of tumour tissue 

Microscopically, most of the cavity in the brain was hned by a tlnn layer 
of cancerous epithelium, wluch in many places consisted of a single layer of 
cubical cells (fig 2), while m other places it was irregularly stratified The 
nodule of firm tissue consisted of disorderly spheroidal-celled and adeno- 
carcinoma with areas of necrosis and calcification (fig 3) 

Comments 

The following features of the case are notoworthy 

(a) The cystic character of the metastasis Except for the small nodule, 
to the naked eye the lesion suggested some kind of simple cyst m the brain 

(b) The solitary nature of the metastasis Thorough examination of the 
remainder of the brain and of all other parts of the body failed to disclose 
any other metastatic growths The condition is thus an interesting instance 
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examined For each European case an accurate history of service in the 
local gold-mining industry was available, but not for previous occupation 
elsewhere Such industrial records were unfortunately not available for 
the native miners 

In the digestion of lung tissue trypsin was replaced by papainum powder, 
which does not require alkali and which proved a more powerful reagent 
Small samples of lung tissue were minced and shaken with 10 c c of water 
and a generous pinch of papainum After two or three days at 54° C , 
when the tissue was completely reduced to a smooth sbme, the suspension 
was filtered through gauze, and the filtrate centrifuged Films from the 
sediment were dried and mounted m Canada balsam 

“ Cunous bodies ” were found in 19 (69 per cent ) of the 32 cases — 
8 Europeans and 11 natives In 2 natives, both showing frank asbestosis, 
myriads of pale-cored bodies were present In all the other positive cases the 
bodies were few in number One European and 3 natives showed pale-cored 
bodies only , 3 Europeans and 4 natives showed black-cored bodies only , 
and 4 Europeans and 2 natives showed both types m about equal numbers 

Of the 19 positive cases, gross examination of the lungs showed typical 
lesions of asbestosis in 2, minimal silicotic fibrosis in 12, and no evident 
lesions in 6 Of the 13 negative cases, 6 showed minimal silicosis similar 
to that seen m the 12 positive cases Histological examination was not 
earned out 

In none of the positive cases was there any history of work in the asbestos 
industry, though such occupation may be assumed for the 2 natives showing 
typical asbestosis In the other 17 cases the presence of the bodies had no 
constant relation to the presence of fibrotic or other lesions Since my 
1934 investigations I have found black-cored bodies frequently in the lungs 
of coal-miners and trimmers, and I am convinced that they are not closely 
related to the development of anthraco-sihcosis The “ curious bodies ” 
presumably arise from the chance inhalation of mineral fibres or spicules, 
but it is not yet possible to say with certainty whether they are produced 
only by silica-containing minerals It is of interest, however, that whereas 
typical asbestos bodies can regularly be produced by the experimental 
inhalation of asbestos dust, the black-cored bodies have not so far been 
reported as the result of dusting experiments 

In the present senes, apart from the 2 asbestosis cases, 10 cases, 
6 Europeans and 6 natives, with no history of asbestos work, showed typical 
pale-cored bodies, the ongm of which is a matter for speculation There 
is, however, in the Band, a narrow layer of banket of a fibrous nature, the 
sihcious fibres of which might be responsible 

Summary 

“ Cunous bodies ” of two morphological types have been observed in 
the lungs of South Afncan gold- min ers with no history of exposure to either 
asbestos or coal 

There was no evident relationship between their occurrence and the 
presence of lung lesions 

The findings suggest that these “ bodies ” may anse from the chance 
inhalation of mineral fibres not necessanly related to asbestos or to coal 

This investigation was earned out during the tenure of a Dorothy Temple 
Cross Fellowship I am indebted to the Direotor of the South Afncan 
Institute for Medical Besearch for permission to publish this work, and 
to the Medical Staff of the Pathology Department there for allowing access 
to matenal My thanks are also due to Professor W H Tytler of the Welsh 
National School of Medicine for help in the presentation of this article 
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•with ammonium sulphate and the native globm precipitated by complete 
saturation with ammonium sulphate The protein was dissolved m a small 
volume of water, dialysed until free from ammonium sulphate and dned 
m vacuo over phosphorus pentoxide The identity of the protein was 
confirmed by spectroscopic examination of the product of its combination 
with lifematm Hsematin solution, prepared by the method of Anson and 
Mirsky (1929-30), was added to a solution of globm and the mixture treated 
with sodium hydrosulphite The spectrum of reduced lucmoglobm was 
observed, which on treatment with carbon monoxide was changed to that 
of CO-hremoglobin Denatured globm under this treatment would give 
the spectrum of a htemocliromogen, unchanged by the action of carbon 
monoxide 

Experimental 

Five strains of recently isolated Staphylococcus aureus were used 
Suspensions of about 500 million per c c wore made m saline by washing 
off the growth from agar slope cultures incubated for 24 hours One c c 
quantities of these suspensions were pipetted into a senes of tubes, centrifuged, 
and the supernatant fiuid removed One c c of each of the globm solutions 
to be tested was then added to the bactenal deposit, the whole shaken up 
and incubated at 37° C for 3 hours In some experiments the mixtures 
were allowed to stand at room temperature for 3 hours but it was usually 
found that better results wore obtained at 37° C Marked agglutination 
of the staphylococci occurred The tubes were then centnfuged, the 
supernatant fluid pipetted off, the deposit washed twice with normal 
saline and resuspended m normal saline A drop of a leucocytic cream, 
prepared by centrifuging citrated guinea-pig’s blood and washing the 
leucocytes four times with saline, was added to a few drops of the bacterial 
suspension and the whole incubated for 90 minutes at 37° C Films were 
stained by Irishman's method Control tubes of bacteria treated with 
salme and tubes containing bacteria and normal gumea-pig serum were 
set up to compare the effect of the artificial opsonin and the serum 

Concentrations of 0 6, 0 25 and 0 1 per cent of globm in distilled water 
gave distinct agglutination of the staphylococci , the effect being more 
marked with the higher concentrations With all these concentrations of 
globm opsomsation occurred, so that on tho addition of leucocytes there 
was very obvious phagocytosis, but less than when normal serum was the 
opsomsing agent 

In all our experiments with artificial opsomns we have noted a variability 
m their action from one strain of organism to another, and even from one 
experiment to another using tho same strain We suggest that chemical 
differences in the bactenal surfaces are responsible for the variations m 
results Ferric salts, which are the strongest of the inorganic artificial 
opsomns, were generally consistent m their action and globm is the most 
consistent of the organic artificial opsomns which we have tned, although 
it is more variable than ferric salts 

It was deemed of interest to ascertain if haanoglobm itself had a similar 
opsonic action to that of globm For this purpose defibnnated ox blood 
and rabbit blood were employed The blood was centnfuged, the super- 
natant fluid removed, and the packed red cells washed several times with 
normal saline To quantities of 0 1, 0 25, 0-5 and 1 0 c c of red cells wero 
added 5 c c of distilled water, the whole being mixed thoroughly together 
and left on the bench for 30 minutes to allow lysis to occur The tubes were 
centrifuged and 1 o c amounts of the supernatant fluid added to staphylo- 
cocci, following the procedure described above 'for globm No opsomsation 
of the staphylococci was observed when using luemoglobin prepared m 
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him with a son of 17 and a daughter of 10. To them we would offer 
our smceiest sympathy 

Shaw had been a member of the Society since 1929 but had had 
little oppoxtunity of attending our meetings J S Y 


jSmmeHne mna&e. 

1898 - 1938 . 

Dr Emmeline Wade, who died on 3rd December 1938 at the age 
of 40, was at the time of her death assistant bacteriologist m the 
Pubhc Health Department of tho University of Durham Medical 
School, King’s College, Newcastle-upon-Tyne. She had been a 
member of the Society smee 1931 

Dr Wade was a daughter of Mr Thomas Wade, a schoolmaster 
m Oldham She was educated at Queen Elizabeth's Grammar 
School, Middleton, Lancs., and Manchester University, where she 
graduated m Medicine m 1922 After a number of clmical appoint- 
ments, including that of assistant school medical officer at Middles- 
brough, Dr Wade took tho Diploma m Bactenology of Manchester 
University and subsequently, in 1929, joined the staff of the routine 
section of the Bacteriological Department. In 1932 she was 
appointed to a lectureship m pathology m the University of 
Liveipool, where she was engaged largely upon bacteriological work 
and the clinical pathology of tho Liverpool Matermty Hospital. 
In the six years she was m Liverpool Dr Wade quietly and efficiently 
filled an important niche m the Pathological Depaitment She 
was responsible for a large part of tho bacteriological work and 
taught regularly and effectively m tho practical classes Gradually, 
however, she came under the shadow of tho illness which was to 
teimmatc her life In cailier years she had suffered from scarlet 
fever and had developed a chronic nephritis, the symptoms of 
which now became more and more obtrusive Nevertheless she went 
on with her work quietly and courageously, refusing to bow before 
the inexorable progress of the malady In the summer of 1937 
came a bieakdown which was followed by resignation of her lecture- 
ship However, matters improved as a result of a long rest and in 
tho spring of the following year she felt fit to lesume work and went 
to the post at Newcastle 

Hero for eight months she so ordered her hfe as to ensure that, 
despito tho precarious state of her health, she could take a full 
share in the routine work of tho laboratory — woik which appealed 
to her, which seemingly afforded her a heartening interest m life, 
and for which her qualifications were of the highest order Sho 
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Bijdrage tot de kenrns der typen van bet Gorynebactenum dipbtbenae 

By B W L Siemens Assen van Gorcum & Comp N.V. 1938 
Pp 113 , 21 figs Dutch florins 2 90 

This thesis, presented to the Medical Faculty of the University of 
Amsterdam, takes the form of an extensive monograph on the type 
differentiation amongst diphtheria bacilli first suggested m Leeds 
Besides presentmg a more comprehensive survey of the literature of 
the subject than any yet published, the author records some limited 
observations on the distribution of the diphtheria types in Amsterdam, 
Rotterdam and Groningen 


Place 

No of cases and carriers 
examined 

Gram* 

Intcr- 

mcdius 

Mills 

Amsterdam 

90 

17 

0 

73 

Rotterdam 

56 

50 

0 

6 

Gronmgen 

5 

0 

3 

2 


It is interesting to note m this connection that from 1927 onwards 
the yearly mortality from diphtheria has been from three to eight times 
greater in Rotterdam than m Amsterdam The small number of strains 
obtained from Groningen was due to the fact that diphtheria there was 
sporadic and slight The author’s chief contribution, however, is a 
careful appraisal of the significance of the suggested type differentiation, 
based on a purely bacteriological study of phenomena of variation within 
the types and of the existence and characters of atypical forms The 
background of these studies is provided by van Loghem’s application 
of genetic theory to the study of bacterial races 

Two points in technique are specially stressed , these are the value 
of Murray’s illuminator (this Journal, 1935, xhv 97) and the importance 
of “ super-isolation ” — requiring a margin of 1 5 cm of medium free 
from growth in the vicinity of the colony to be examined — for the 
determination of the type colony characters By adopting these methods, 
it is possible to classify a number of atypical strains with one or other of 
the three types first described 

It is not possible m a review to follow m detail the author’s experimental 
work and argument but his mam conclusions may be stated Under the 
term “ phasnotypus ” should be included all the various forms which a 
race or “ genotypus ” may exhibit under various external conditions , 
some of these variants or adaptation forms may retain their changed 
form with considerable tenacity A summary of all the published work 
on this subject leads lum to give most attention to the variants describe 
by Chnstison and by Robinson These are carefully considered m the 
light of his own work, including the introduction of cultures m collodion 
sacs into the peritoneum of guinea-pigs which hove received injections 
484 
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become tho illusion of to-day , to-day’s idoa may becomo tho illusion of 
to-morrow ‘For’, says Meredith, ‘tlio mastery of an event lastoth 
among men the space of one cyclo of years, and aftor that a fresh illusion 
spnngoth to befool mankind ’ Doubtless many masters of tho ovont 
will follow aftor Darwin and Batoson in wielding tho sword of Akhs, 
and tluough the dispelling of illusion aftor illusion mankind may 
eventually encounter the ultimate residue, perhaps tho ultimate of all 
illusions, winch wo optimistically designate as truth ” 


Climate and acclimatization 

By Sir Aldo Castellani Second odition London John Bale, Sons 
& Cumow 1938 Pp x and 198 , 12 toxt ligs and 4 plates 10s 

In Ins profaco tho author says that ho doos not aim at bomg exhaustive 
and that lus littlo book is moroly a collection of notes on some features 
of tho pioblems of climate and acclimatisation Tho disclaimer is 
justified for, apart from a few paragraplis on tho cause of mountain 
sickness and on tho effect of extromo cold, tho subject-matter of tho 
book is confined to tho influence of tropical chmatos on Europeans and 
tho adjustment of man to onvironmonts m which, oithor from high 
tomporaturo or moisturo or a combination of tho two, tho dissipation of 
animal heat is impodod 

The rest of the prefatory statement is unduly dopreciativo Pnits of 
the book do, indeed, resomblo a scientific scrap-book but •nlioro tho 
author gets away from lus notebooks ho is vigorous and clear Tho 
author is a learned physician who lias rosidod for many years m tho 
tropics and has had exporionco of campaigning m tropical climes Ho is, 
moreover, widoly convorsant with scientific literature For tlieso ronsons 
lus observations and reflections liavo a peculiar value, oven if their 
presentation be rathor chaotic 

Plontoous uso is made of extracts from scientific and medical journals 
though gonornlly quite uncritically Tho rondor is loft to imagino that 
their length is a monsure of the importance that the author attuchos to 
the viows and conclusions expressed m them 1 Howovoi, tho text is 
well supplied with roforencos to original sourcos (ovoi 200), which the 
serious student may consult and the chaos is mitigated by a good indox 

The first chapter is mostly devoted to an olementary statement of 
the geo-physical causes for different chmatos Chapter 2 opons with a 
useful resumd of tho physiology of thermal adjustment Tho effects of 
high tomporaturo and humidity on tho tomperaturo of tho body and on 
various bodily systems are then considered and it onds with an account 
of the aetiology, pathology and treatment of heat stroke and tho minor 
forms of heat trauma Chapter 3 is, unexpectedly, devoted to 
meteorology but contains also observations on the biological aotion of 
light of different refrangibility and on tho causes of sunburn and 
pigmentation In oliaptor 4 the question of acclimatisation is discussod 
Observations are cited which show that tho mortality of Europeans in 
the tropics need not exceed that of temperate dimes, providod tho liability 
to malaria and other disooscs which, for various reasons, are peculiar 
to or prevalent in the warmor parts of tho world, can bo minimised by 
samtaiy moasures The possible fallacy of this conclusion from tho 
existence of a selcctod population of Europeans with a vory difforon 
age distribution to that m tlieir mothei countnos is pomted out The 
author emphatically disagrees with those ontliusinstic sanitarians who 
believe that a tropical climate itself is not prejudicial Ho is oonvmce 
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that dealing with the authors’ own work, although, in view of the 
valuable work of Griffith and Allison m this country, exception must 
be taken to the statement that agglutination has not become of any 
practical value in diagnosis or in the identification of scarlet fever 
streptococci The reader will also look m vam for information as to 
the Lancefield method of grouping hsemolytic streptococci by a precipitin 
test The bibhogiaphy is extensivo but its perusal confirms the impres- 
sion that the authors have ignored the recent important contributions 
of British workers to this subject 


Iodine metabolism and tbyroid function 

By A W Elmer London Oxford University Press, Humphrey 
Milford 1938 Pp xvn and 605 , 9 figs, on 6 plates and 14 text figs 
30s 

Those who are interested m the study of the thyroid gland must 
perforce concern themselves with the metabohsm of iodine , an attempt 
such as is represented by Dr Elmer’s book to collect and review the widely 
scattered information on the subject is therefore to be welcomed 

Owing to the minuteness of the amounts of iodine involved m bodily 
processes and to the low concentrations in which the element occurs in 
nature, the study of the metabohsm of iodine is in essence a micro- 
chemical problem , it is fitting therefore that the bnof historical introduc- 
tion to Dr Elmer’s book should be followed by^ a comprehensive review of 
methods of iodine determination It is helpful also to have a clear 
indication, based on personal experience, of the author’s own preferences 
among the numerous methods which have been proposed 

The second and largest major section of the book compnses an 
exhaustive treatment of the amounts and nature of the iodine com- 
pounds found in the normal organism and of physiological factors which 
may affect the metabolism of iodine, whilst the final section deals with 
iodine metabohsm in pathological conditions, mainly of course those of 
the thyroid 

The physiological section contains a good discussion of the mode of 
combination of iodine m the thyroid and of the nature of the thyroid 
secretion, whilst considerable interest also attaches to the author’s 
remarks, m the final portion of the book, on thyrotoxicosis Neither of 
these sections, however, is so satisfactory as the chemical review, since 
the author does not succeed in making it easy, even for a reader with 
some knowledge of the original literature, to select the well estabhshed 
facts from the lamentably large number of insecurely based observations 
It is unfortunate that more trouble has not been taken with the 
production of the book , the frequent misspellings and errors in phrase- 
ology have been a source of considerable irritation to one reader at least 
Despite these deficiencies, however. Dr Elmer’s monograph stands alone 
in its field and will undoubtedly be found of great use by many workers 
in biological and medical science CRH 


Methods of tissue culture 

By Raymond C. Parker London Hamish Hamilton Medical Books 
1938 Pp xxxu and 292 , 63 text figs 24s 

Methods of tissue culture is a valuable addition to the books already 
published on this subject It sets out to be an account of the methods 
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proficiency have been combined with engineering skill in the production 
of a workable method for the investigation of animal organs for extended 
periods of time under artificial conditions, by which is now realised a 
dream of generations of physiologists, pathologists and biochemists 
From the purely biological point of view the value of the book lies 
rather in pointing the way to future investigation than m what has so 
far been acluoved The method has been established , many fields have 
been explored, but few if any have been completely mappod In the 
early stages of a technique, feelers must bo put out in many directions, 
but if a criticism can be levelled at all, it is that too many feelers liavo 
been put out and none has probed sufficiently thoroughly. It is left 
for othors to follow the extremely precise instructions and accounts of 
the technique given heroin and to build up the sohd structure of 
knowledge concerning the behaviour of organs under experimental 
conditions, a structure whoso foundations aro now firmly laid and for 
which the plans are here sketched out 

The particular media best suited to culture of different organs have 
not yet been satisfactorily determined, but the opportunity now presents 
itself for the construction of a purely synthetic medium in which the 
function and properties of every constituent are known The media 
described as having been used successfully up to the present time seem 
to be somewhat empirical The urgent problem of the perfusion of the 
kidney has been attempted, but, with the usual perversity of that 
organ, it has proved difficult and is still far from solved The addition 
of blood corpuscles to tlio perfusion fluid is found to help, but why ’ 

The method appears to have two mam difficulties Firstly, it can 
only be satisfactorily earned out by a team of workers Secondly, it is 
difficult to establish adequate control expeiiments In the account given 
of the changes m the thyroid gland under different conditions of culture it 
is difficult, in spite of the excellent photographs, to decide how much is 
natural variation and how much is due to the experimental conditions 
Although somewhat grandiose m places, and in one or two instances 
loose and inaccurate, the book as a whole is clearly written, beautifully 
illustrated, well produced and very stimulating 


The adrenal cortex and intersexuality 

By L R Broster, Clifford Allen, H W. C Vines, Jocelyn 
Patterson, Alan IV Greenwood, G F Marrian and G C Butler 
London Chapman & Hall 1938 Pp xn and 245 , 26 figs on 23 
plates and 7 text figs 15s 

This book is “ dedicated to the humanity and generosity of Viscount 
Wakefield of Hythe ”, whose support of the researches on which it is 
based is further acknowledged m Sir Walter Langdon-Brown’s foreword 
The subject matter is divided into four sections, of which the first 
(clinical and surgical) is by L R Broster, the second (psychological) 
by Clifford Allen and the third (pathological) by H W C Vines The 
fourth section is biochemical and consists of two chapters, one by 
Jocelyn Patterson and Alan W Greenwood, the other by G F Maman 
and G C Butler. 

Tins monograph is an admirable example of what can be acluoved 
by the combmed clinical and laboratory study, by a team of workers, 
of a very complex medical problem Broster and Vines have already 
written on the subject of the adreno-gemtal syndrome and adrenal 
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Chemotherapie Ergebmsse, Frobleme und Arbeitsmethoden 

By Dr Manfred Oesterlin Brunswick • F Viowog & Son 1939 
Pp vin and 359 , 39 text figs EM 2 2 5 (bound), 20 (unbound) 

Recent Advances in chemotherapy 

By G M Findlay Second edition London J & A Churchill, Ltd 
1939 Pp x and 523 21s 

The titles of these books indicate that neither gives a full account of 
the subject of chemotherapy Oestorhn's work is divided into two 
sections The first or biological part deals — often very briefly — with 
infections due to trypanosomes, spirochsetes, plasmodia and lialtendia, 
amoeba?, piroplasms and helminths, especially in so far as they are test 
objects for chemotherapeutic investigation The second or chemical port 
is concerned with the drugs which have been usod m the vanous 
infections In tlus the author frequently develops lus own nows on the 
relations between chemical constitution and biological action Bus 
personal observations m vanous branches of chemotherapy make the 
exposition very suggestive The insistence that the physical or physico- 
chemical properties of the drugs often have a decisive influence on 
chemotherapeutic action is highly pertinent 

Findlay’s work is the second edition of that originally published in 
1930 It includes oxtensivo sections on the chemotherapy of bactenal 
and virus infections Tho author suggests that his book should be 
regarded as a supplement to Fischl and Schlossberger’s Handbucli It 
fulfils tlus object in the sonso that the senes of drugs dealt with is 
brought up to date very fully Unfortunately, however, there is no 
publication with adequate detail which gives a general exposition of 
chemotherapeutic investigations Accordingly the reader who takes 
up either of the books under review is in much the same position as one 
would be if piesented with similar accounts of recent work in pathology 
or bacteriology, supposmg that no modem systematic text-books on 
these subjects were available So both Findlay’s and Ocsterhn’s mono- 
graphs are likely to be rend with most interest and profit by specialists 
who have themselves worked on some aspect of chemotherapy, while 
they may prove bewildering to others who seek a sound groundwork m a 
rapidly extending department of knowledge C H B 

Statistical methods for research workers. 

By R A Fisher Seventh edition Edinburgh Oliver and Boyd 
1938 Pp xv and 356 , 12 text figs 15s 

When a book has reached its seventh edition within a space of 
fourteen years there is little room for doubt that it is fulfilling the 
function for which it was designed and is being of real assistance to 
research workers m the statistical treatment of their data Extensions 
and improvements dealing with the newer developments of the subject 
have appeared m successive editions of Professor Fisher’s book In 
the present issue there is given a fuller introduction to the theoiy of 
orthogonal polynomials than m the last, and another section has been 
added to give an outline of the important new subject of the use of 
multiple measurements to form the best discriminant functions of which 
they are capable 

**- 
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and in 1936 a fourth In each instance death had ensued within 
four days of severe bums and the liver presented a remarkably 
uniform and distinctive picture 

All were coroners’ cases involving healthy individuals who 
were accidentally burned while at work Each case was immediately 
taken to hospital * and treated m a similar manner with tannic 
acid spray Each succumbed to toxaemia and came to autopsy 
within a few hours of death 


Clinical data 

Case 1 A 39 32 Female, ret 51 Clothes were ignited by burning 
wax Approximately one-third of body surface burned to 2nd and 3rd 
degree Admitted to hospital 2 hours later m a state of shock and un- 
conscious The bums were effectively tanned m 24 hours In spite of 
transfusion she remained unconscious and died m 48 hours 

Case 2 A 157 34 Male, set 37, was sprayed with burning petrol 
and sustained 2nd and 3rd degree burns over one-third to one-half of body 
surface Condition favourable for 24 hours, during which time tannic acid 
treatment applied , then temperature rose to 102° F , wheio it remained 
till death from toxaemia on 4th day Intravenous glucose administered 
during illness 

Case 3 A 306 34 Male, aet 55, was scalded by steam from an 
exploded boiler, sustaining 2nd and 3rd degree bums over one-lialf to 
two thirds of body surface Death after 2 days of unconsciousness Tannic 
acid treatment 

Case 4 It 145 36 Male, ait 21, was scalded by steam while at work 
Approximately one-half of body surface affected by 2nd and 3rd degree 
bums Admitted to hospital within one hour m profound condition of 
shock from which he did not rally up to time of death from toxremia on 
4th day Tannic acid treatment and intravenous glucose 

Post-mortem findings 

The post-mortem findings m the mam were parallel m all four 
cases There were the marks of severe toxaemia acute paren- 
chymatous degeneration of myocardium, liver and kidneys , a 
reacting, mushy spleen , weeping liaanorrliages of mucous 
membranes, particularly in stomach and renal pelves , and 
haemorrhages into the lungs, accompanied m three cases by 
thrombosis of finer branches of the pulmonary arteries Case 2 
was shghtly jaundiced at death and the stomach showed acute 
ulceration Case 4 had about 500 c c of clear ascitic fluid m the 
peritoneal cavity 

The hver changes, similar m each case, engaged our particular 
attention In the gross there was slight enlargement due to cloudy 
swelling The weight varied from 1360 to 1720 g The parenchyma 
was pale and possessed a yellowish or ochre tint resembling the 
boxwood colour said to be characteristic of the yellow fever hver 

* Three eases were treated at the Toronto General Hospital and the autopsies 
were performed m the Department of Pathology, University of Toronto 
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The inclusion phenomenon was confined to parenchymal cells 
and was not observed m tissues other than the liver 


Discussion 

We do not know if all cases of fatal burns present the liver 
changes described above, but we may take it as evidence to the 
contrary that such changes have apparently not been recorded 
previously (Vogt, 1929) Here, however, we have four cases with 
a highly distinctive hver picture winch seems on the face of it to 
be hnked with the toxaemia of bums. 

We do not know precisely what it is that poisons the victim 
of bums Some toxic substance capable of profoundly harmful 
effects is undoubtedly elaborated in the damaged tissue, but its 
identity has not been estabhshed Wells (1925) gives a good 
account of the chief contributions on the subject up to that date 
A more recent review by Rosenthal (1937) suggests a histamine-like 
substance as the toxic agent. 

The significance of nuclear inclusion bodies is exhaustively 
treated by Cowdry (p 533), who says “ one naturally looks for a 
virus when such inclusions ” (i e type A) “ are observed Often 
a vims has been discovered, but there are exceptions " This 
seems to summarise the present state of our knowledge Olitsky 
and Harford (1937) produced the mclusion phenomenon experi- 
mentally by the injection of certain aluminium and ferric 
compounds VonGlahn and Pappenheimer (1925), Parker and 
Wolbach (1932), Covell (1932), Russell (1932), and Pappenheimer 
and Maechhng (1934) have all described visceral inclusions without 
evidence of a concomitant virus To our knowledge, however, 
inclusions so numerous and typical as in these cases of bums have 
never been observed before except in virus diseases. Klotz always 
leaned to the view that nuclear inclusions represented oxychromatic 
degeneration of chromatin rather than extraneous (vims) products 
and when we found them as a concomitant of bums he felt that 
this substantiated his view 

The Councilman lesion can hardly be regarded as a true cyto- 
plasmic mclusion body, yet it is something of the same order and 
it, too, finds its chief association with vims diseases, namely, yellow 
fever and Rift Valley fever (Daubney et al , 1931 , Findlay, 1933) 
It is possibly a non-specific cytoplasmic degeneration, but like the 
nuclear changes, sufficiently distinctive to suggest some common 
setiological factor underlying its various occurrences 

On the basis of the present study one can do no more than 
pomt out that the toxaemia in certain cases of bums produces an 
effect upon the hver similar to that observed in certain virus diseases 
and to suggest, therefore, that the noxious agent m both mstances. 
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a dome-shaped elevation of the skm; this part of the tumour 
seemed to be encapsulated and its appearance suggested an mtra- 
canalicular fibro-adenoma Immediately beneath lobe A and 
contmuous with it was a large firm mass of new-growth (B), of 
irregular and indefinite outline, winch extended outwards towards 
the axilla and suggested scirrhous cancer , a very firm rounded 
nodule (C) attached to its inner margin appeared to be composed 



Fig 1 — Outline sketch of innmmnry tumour on section (reduced) 


of dense fibrous tissue From the deep aspect of the irregular 
mass (B) theie projected a more or less hemispherical lobe of 
tumour tissue (D), showing central degeneration and softening 
but m its peripheral parts tough and fibrous , it was not encapsulated 
but showed an ill-defined infiltrating margin, and, while in the mam 
of softer consistence than the intermediate tumour mass, contamed 
m its outer parts several hard translucent nodules 

Histological examination 

The superficial lobe of the tumour (A) presented the typical 
characters of an mtracanalicular fibro-adenoma with a somewhat 
cellular stroma (fig 2) Sections from the underlying irregular 
mam mass (B) showed for the most part what appeared to be a 
sarcomatous structure composed of fasciculated spmdle cells (fig 3) 
It was clear, however, that the case could not be regarded merely 
as an example of adenosarcoma, for m contiguous blocks of tissue 
areas of frank scirrhous carcinoma were found (fig 4) as well as 
areas m which the two types of cellular growth were intermingled 
(fig 5) The firm nodule (C) at the margin of the mam mass was 
composed of moderately cellular fibrous tissue recalling the stroma 
of a simple fibro-adenoma , it contamed no gland spaces but was 
traversed here and there by elongated strands of cells of epithehal 
type (fig 6). In the hemispherical, deep-seated lobe (D) there 
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lobe possessed the fine reticular meshwork of such tumours, and 
the epithehal channels were as usual circumscribed by a condensation 
of reticular fibres forming the basement membrane 


Discussion. 

This growth might have been classed as a ‘ mixed tumour ” 
of the breast with carcinomatous and sarcomatous changes occurring 
m the fibro-adenomatous elements, but our study of its architecture 
suggests that the varied appearances may be better explained 
as a diffuse infiltration of the stroma of an mtracanakcular fibro- 
adenoma by carcinoma arising in its own epithehum The 
significance of the cartilage is discussed below 

The analysis of the structure of this complex tumour raises the 
possibility of explaining on similar hnes the production of other 
diffuse carcinomata of the breast The work of Muir (1927, 1931 , 
Muir and Aitkenhead, 1934) has established that the usual course 
of events in the production of an infiltrating carcinoma of the 
breast is initiated by a neoplastic prohferation of the epithehum 
of the ducts, so that their lumina become filled with masses of 
carcinomatous cells unsupported by stroma (mtraduct carcinoma) 
The carcmomatous proliferation may involve the ducts over a 
wide area and may at length extend into the acim Restrained 
for a time within the walls of the ducts, the proliferating cells 
may at length break through into the surrounding tissues, and 
this will presumably occur more readily through the more delicate 
walls of the acmi Infiltration of the general stroma of the breast 
thus results and the mahgnant epithehal cells, calling forth the 
usual reaction on the part of the connective tissue cells, become 
enclosed in alveoh by fibrous tissue 

The structure of a terminal duct may be represented 
schematically as in fig 8 (I) The subepithelial connective tissue 
internal to the elastica is of an extremely delicate, loose myxomatous 
texture Rig 8 (II) represents the development of scirrhous 
cancer of the breast , the epithehal cells forming a sohd mass 
within the duct have broken through the wall of an acinus (un- 
supported as a rule by elastica), and the advancing cells form 
alveoh in the general stroma Fig 8 (III) represents the structure 
of an mtracanahcular fibro-adenoma, its stroma formed, as Cheatle 
and Cutler (1931) have shown, by the subepithehal connective 
tissue As the tumour grows larger, the elastica opposite the site 
of origin becomes stretched and ultimately disappears along with 
the other structures of the wall (fig 8, TV) If mahgnant 
prohferation were to commence m the epithehum of the adenoma 
(fig 8, IV, c), the proliferating cells, although on an epithehal 
surface, would be deep within the adenomatous tumour, so that 
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rather that these were areas in which the neoplastic cells had 
become enclosed m groups and finally isolated by a hyaline material 
(fig 14) so that the semblance of cartilage was produced In certain 
areas the simulation was remarkably close (fig 13) but it was clear 
nevertheless that the cells in the lacunae were the epithelial cells 
of the diffuse carcinoma, for all stages of their incarceration m 
the hyaline matrix could be traced. 

Elsewhere there were areas of mucmoid degeneration of the 
stroma, forming tracts of homogeneous material in which there 
was no suggestion of cartilaginous structure, but where these 
merged into the cartilage-hke tissue the matrix became more 
condensed and hyaline in appearance 

The staining reactions of the anomalous cartilage were as 
follows It gave metachromatic staining Avith methyl violet, 
methylene blue, thionin (with which the most helpful preparations 
were obtained) and saframn , it stained selectively with muci- 
carmine, purpunn and bismarck brown — a reaction which Eoulds 
(1937) and others have found of particular value for the demonstra- 
tion of cartilage On the other hand with mucin the same reactions 
were obtained, both m the areas of mucmoid degeneration above 
referred to and in control preparations of normal tissues Mucin 
and the ground substance of cartilage are closely allied m physical 
and chemical characters and I have been unable to find any lusto- 
chenncal reaction by which they may be distinguished This 
question does not ordinarily arise since the morphological criteria 
are m normal circumstances sufficient Under pathological 
conditions, however, the distinction between true cartilage and 
pseudo-cartilage is not always clear, as in the case of mixed parotid 
tumours 

From critical analysis of the histological appearances in the 
present case it is impossible to escape the conclusion that one is 
dealing with a new-growth in which there has developed not only 
true cartilage and osteoid tissue, probably of metaplastic origin 
from the stroma, but also pseudo-cartilage from the isolation of 
epithelial cells in a hyaline matrix This conclusion may be 
examined m the light of Eoulds’ recent experimental work, which 
has thrown a new light on the development of cartilage and bone 
m mixed tumours 

In a transplantable carcinoma of the oviduct of a domestic fowl he 
observed during transmission the elaboration of the structure of a “ mixed 
tumour The original growth was purely carcinomatous but subsequently 
bone and cartilage were frequently present The cartilaginous and bony 
tissues were not transplanted but always doveloped anew , only the epithelial 
component was neoplastic In the production of tissue with the morpho 
logical characters of cartilage he found that two distinct processes were 
concerned In the one, true cartilage was formed through metaplasia of 
the connective tissue cells of the stroma In the other a pseudo-cartilage 



Plate LXII 

Fra 9 — Area from tissue bounding (D) at n point where there are indications of a 
duct wall The tissues of the duct wall internal to the elastica are infiltrated 
by diffuse carcinoma X 90 

Fia 10 — Proliferation of the lining epithelium at one point m a glandular cleft 
(portion D) X76 

Fro 11 — Silver impregnation of the reticulum in a cellular, apparently sarco- 
matous, area The cells lie m groups within the meshes of a reticular net 
X 190 

Fxa 12 — Silver impregnation of the reticulum of a diffusely cellular area m which 
he frankly carcinomatous aUeoh The retioulum forms a nch network with 
well defined open meshes X 190 

Fig 13 — Nodule having the morphological characters of cartilage x55 

Fig 14 — At the margin of a cartilage-bke nodule the diffusely infiltrating carcinoma 
cells become separated and surrounded by an amorphous hyaline matrix 
X190 
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as m Foulds’ tumour, to metaplasia of the connective tissue cells 
of the stroma 

Summary 

A complex malignant mammary tumour is described which 
contained areas of fibro-adenomatous, carcinomatous and apparently 
sarcomatous structure, together with nodules resembling cartilage 
It is suggested that m an mtracanalicular fibro-adenoma 
malignant transformation of the epithelial component led to diffuse 
carcmomatous infiltration of the stroma in which mucmoid 
degeneration was followed “by the development of an epithelial 
pseudo-cartilage and by the formation of true cartilage and osteoid 
tissue by metaplasia of the stromal cells. 
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No such effect was observed nith 25 gratis and 25 infermedius 
stiains tested m the same way. For these, heated blood provided 
a suitable enrichment For convenience inhibited strains will 
henceforth be xeferred to as “ sensitive ” and those enhanced by 
heated blood as “ lesistant ” With resistant strams even 
20 ii er cent of heated blood had no effect except to reduce the size 
of the colonies 

Table I 


Growth of 160 mitis shams of C diphtliciiac on heated blood agar 


Description of growth 

Number of 
strains 

Virulence 

tested 

1 Indent 

Non 
\ Indent 

Rich confluent m 18 hours 

20 

25 

20 

5 

Fine m 18 hours, rich confluent m 
48 hours 

20 

11 

0 

o 

Fine m 48 hours 

17 

13 

10 

3 

Tew colonies in 18 hours and undei 
200 in 48 hours 

04 

40 

42 

4 

Total strains 

106 

95 

78 

17 


Effect of heating solutions of lysed blood cells 

In preliminary expernnents it was found that the red cells were 
lesponsible for the inhibition and that serum counteracted it to 
some extent Therefore m subsequent experiments only the cells 
were used 

The plasma was removed from fresh oxalatod horse blood and the cells 
washed 3 times m 10 volumes of saline The red cells were lysed by the 
addition of sterile distilled water up to the original volume of blood Since 
the loss m centrifuging is small, the hremoglobm content of such a solution 
is approximately equivalent to that of whole blood and its concentration 
in media can thus be expressed in terms of whole blood and this lias been 
done throughout this paper In one experiment the solution was exposed 
to temperatures ranging from 60° to 120° C for 16 minutes, while m another 
the temperature was kept constant at 66° C and the time varied from 
10 minutes to 1 hour To avoid the formation of a coarse precipitate the 
solutions were further diluted 1 4 before heating and were well disintegrated 
before use by shaking and drawing up and down with a pipette Calculated 
amounts of the heated solutions were added to melted agar at 50° C and 
plates poured Control plates received the same •volume of saline All 
the plates wore inoculated with a loopful of undiluted suspension and of 
dilutions 1 10, 1 100 and 1 1000 and examined at various intervals 
over 3 days To see if the effect was specific the media were also inoculated 
with various strains of H influenzae and N gonorrhoeas The effect of 
exposure to various temperatures for 15 minutes is illustrated in table II 


The two mitis strains were selected sensitive strains Addition 
of unlieated blood or laked cells caused an enhancement of the 
speed of growth which was still evident after heating to 60° C 
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at 100° C inhibition was marked after 1-2 minutes, whereas at 
75° C it required 5 minutes and at 65° C 40-50 minutes to produce 
the same effect Coagulation was correspondingly slower at the 
lower temperatures and at 65° C it could be seen to appear before 
the onset of inhibition Moreover a partly coagulated solution 
was quantitatively less effective than one more completely coagulated, 
but once coagulation was complete further heating did not result 
in an increase of the inhibitory property 


Table III 

Effect of healing lysed blood at Go 0 C foi varying periods of tunc 


Stnln 

Dilution used 
ns 

inoculum 

Xumbcr of colonies dc\ eloping In 48 hours on agar containing 

no 

addition 

hsed blood heated at G5° C for (minutes) 

0 

10 

20 

30 

40 

60 


Mitis 332 

1 1000 

OS 

120 

132 

144 

112 

25 

2 



Undiluted 

PC 

C 

C 

C 

C 

PC 

15 

6 

Mihs 115G 

1 1000 

63 

85 

70 


28 

4 

0 

0 


Undiluted 

PC 

C 

C 

c 

PC 

26 

H 

o 

*4 

Gonococcus 3 

1 1000 

0 

63 

46 

84 

67 

55 

m 

80 

H influenza: T 

1 1000 

0 

100 

160 

110 

115 

170 

Eg 

125 




(pm-point) 





■ft 



C = confluent PC = partly confluent 

Concentration of rod blood cells = 4 per cent whole blood 


The state of particulation of the coagulum greatly influences 
the result Thus a coarse hard precipitate has less effect than a 
fine, easily dispersible one This was shown by diluting solutions 
of red blood cells to the same extent with water and saline, heating 
them to 100° C foi 15 minutes and incorporating m agar equal 
amounts of the resulting precipitates The finer precipitates 
obtained from the watery solutions were more inhibitory than the 
coarse saline coagula, of winch double the quantity may be required 
to produce the same effect It was also found that a watery solution 
heated to 100° C for two minutes was more inhibitory than it was 
after addition of saline and further heating for 15 minutes to 1 hour, 
durmg which large coarse aggregates formed Well washed red 
blood corpuscles, particularly m low dilutions (1 2 to 1 5), form 
coarser precipitates when heated m water or saline than do similar 
preparations to which a little serum or gelatin has been added 
If blood is centrifuged and the plasma pipetted off and the 
unwashed corpuscles are laked with distilled water, the resulting 
solutions can be heated m as low a dilution as 1 2 without giving 
rise to coarse precipitates, indeed the coagula are too fine to be 
thrown down completely after one hour’s centrifuging at 4000 r p m 
and will in large part pass through ordinary filter paper With 
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Some experiments suggest that the "heated blood has a certain 
radius of action Heated blood agar plates were covered with 
laj-ers of nutnent agar of different thickness (1 mm upwards) 
It was found that growth improved with increase m the thickness 
of the superimposed laj'er of agar On a 2-3 mm layer it was 
generally fair but a layer of 1 mm made httle difference This 
suggests that the inhibitory substance is soluble and diffuses slowly 
into the agar above it, though the experiments on precipitates do 
not accord with such an explanation If this were the ease storage 
would allow more diffusion to take place and if a 2 mm layer of 
agar made growth possible immediately after preparation it might 
not do so two days later. Such an effect of storage has not been 
observed 

Effect of precipitation by acid or alkali 

Two c c of N JfaOH or N HC1 were added to 10 c c. of solutions of 
washed lysed blood With the acid the solution blackened immediately 
and within 5 minutes was treacly m consistency , with the alkah it became 
bright red and slowly- darkened on standing The acid was allowed to act 
at room temperature for 5 minutes and the alkah for 1 hour. Both solutions 
were further diluted 1 . 5 and carefully neutralised, a precipitate forming 
All supernatants were coloured to some extent, the alkaline always much 
more deeply than the acid , the alkaline was cherry red and the acid a 
brownish colour The precipitates were washed by- centrifugation m 
phosphate buffer solution at pH 7 6 until the supernatants were practically 
colourless and then made up with buffer to a suitable volume and broken 
up by- drawing up and down in a pipette Various amounts were added 
to nutnent agar and plates poured 

It was found that small amounts of both kinds of precipitate 
enhanced the growth of sensitive strains of C diphtheria z but larger 
quantities inhibited them, whereas the growth of resistant strains 
was enhanced. It was difficult to compare quantitatively the 
activity of blood thus treated with that of heated blood, since 
precipitation was partial and the coagula coarse and the loss during 
washing was considerable, as a portion of the precipitate redissolved 
m the buffer solution Approximately four times as much blood 
was required initially to produce the same effect after treatment 
as was required when heat was employed. On inhibitory concentra- 
tions of such preparations gonococci grew well and H. mfluenzee 
also flourished if yeast extract was added or m proximity to a 
staphylococcus colony, but without the addition of “ V ” factor 
growth was generally poor or absent 

Washed precipitates when soaked for 24-72 hours in buffer 
produced supernatants which were not inhibitory, and broth in 
which precipitates were soaked overnight was not found inhibitory 
when the precipitate was removed The precipitate, however, 
remained inhibitory after such treatment The results are in all 
respects s imil ar to those obtained with heated blood 
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test-tubes incubated aerobically at 37° C. Tbe level at which 
reduction occurred was different in different batches of agar The 
addition of fresh or heated blood had little effect on the result, 
though tending on the whole to increase the reducing power of 
the medium No evidence was found of any tendency to mcrease 
its oxidising power 


Effect of potassium cyanide on inhibition by heated blood 

Cyanide itself is inhibitory to the growth of C diphthence It 
had a marked inhibitory effect on agar shake cultures of the sensitive 
strains used m the above experiments m a concentration of 

0 01 per cent and a noticeable influence at 0 001 per cent On 
plate cultures its effect appeared to be less and was somewhat 
irregular , generally 0 02 per cent of a fresh solution was sufficient 
to inhibit mocula of a thousand viable organisms if the plates 
were incubated m a closed contamer or wrapped m cellophane 
All solutions of cyamde were made up on the day of the experiment 
and were adjusted to pH 7-2-7 6 with HC1 

When 0 005-0 1 per cent was added to melted agar containing 
5 per cent of heated blood the media were as unsuitable for growth 
as those containing no cyamde, but the same strams grew well 
on fresh blood plates containing concentrations up to 0 05 per cent 
The effect of the cyamde was, however, very striking when fresh 
laked corpuscles were coagulated in the presence of various 
concentrations of KCN by mixing in watery solution or m melted 
nutrient agar and heating the mixture at 65° C for 1-2 hours 
With the equivalent of 5 per cent of blood, growth was completely 
restored by 0 02-0 06 per cent of KCN but not by higher or lower 
concentrations It was observed that blood heated at 65° C m 
the presence of KCN was incompletely coagulated in 2 hours, 
whereas m its absence coagulation was practically complete in 

1 hour 

When blood-cyanide mixtures were heated at 65° C for 1 hour, 
either m the medium or m water, and then at 100° C for 2 minutes, 
practically complete coagulation took place, the coagula being 
coarser than m the control tubes conta ining no KCN No growth- 
restoring action was now observed with any concentration of 
cyamde Coagulation at 100° C without pre limin ary heating at 
65° C gave the same result A fine precipitate was obtamed by 
heat coagulation of lysed blood and was mixed with KCN m such 
a way that the concentration of precipitate was equivalent to 
blood diluted 1 3 while the KCN concentration ranged from 
0 03 to 0*3 per cent In the presence of cyamde, precipitation 
occurred m 24 hours and the supernatants acquired a red colour 
which deepened on standing, whereas m the absence of the salt 
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and Mirsky (1925, 1925-26, 1928-29, 1929-30) have shown that 
haemoglobin behaves like other proteins under the influence of 
coagulating agents, that heat, acid and alkali denature it and 
that the denatured haemoglobin is precipitated near the neutral 
pomt The coagulated protein consists of a combination of haem 
with denatured globm If coagulation is carried out in the presence 
of reducing agents, the haem of the denatured conjugated protein 
remains reduced (as m haemoglobin) and the resulting product is 
described as globin haemocliromogen This is easily oxidised on 
exposure to air and is converted into haematm which is also known 
as protohaematm or catahaemoglobm The denaturation of oxy- 
haemoglobm results in the formation of haematm but sodium 
hydrosulphite can reduce this to globin haemocliromogen Thus 
haem when linked to denatured globm is much more easily oxidised 
than when m combination with the native protein We may 
suppose that under the conditions of preparation of our coagula. 
winch was always earned out m the presence of air, catahaemoglobm 
(haematm m Anson and Husky’s terminology) was obtained If 
this product were inhibitory, addition of sodium liydrosulphite or 
anaerobic incubation may have reduced it to globm luemochromogen 
and removed the inhibitory property In connection with this 
pomt, it should be mentioned that Anson and Musky (1925) state 
that mere removal of oxygen did not cause the reduction of haematm 
to haemocluomogen, but m our experiments the reduemg capacity 
of the medium was also in play It may thus be that the explanation 
of our findings lies in the fact that the uon of haemoglobin and of 
haemochromogen is ferrous whereas that of catahaemoglobm is 
ferric and that it is the latter which inhibits Whether it must 
be contained in the pyrrole structure of haem linked to a denatured 
protein we do not know It must be borne m mind that our 
inhibitory substance was not m solution and therefore an imitation 
of the effect with salts of uon should be attempted under the same 
conditions With regard to the mode of action of the inhibitory 
substance, an interference with some essential enzymes may he 
postulated This possibility invites experiments with the Barcroft 
and Thunberg techniques on the respiration of sensitive strains of 
C diphthence 

The effect of hydrosulphite and of anaerobic incubation might 
be due to something other than the reduction of haem in cata- 
haemoglobm By lowering the oxidation-reduction potential of 
the medium the enzymes of the experimental organisms may have 
been placed under a set of conditions where they were no longer 
sensitive to the action of coagulated haemoglobin, whether m the 
form of globm hsemochromogen or catahaemoglobm , m other words 
it may not have been the reduction of the inhibitory substance 
which mattered but the changed behaviour and sensitivity of the 
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of nephritis In order to do this the clinical diagnosis, whenever 
possible, has been subjected to confirmation at autopsy The 
nature of this change and its general significance are not dealt with 

Samples of venous blood were collected, using a syringe with a lelatively 
wide-bore needle (no 12), and allowed to clot in previously autoclaved 
test-tubes for 4-5 hours before making the test In this, 0 1 c c of the 
serum so obtained was added to 1 c o of a 3 per cent suspension of sheep 
red blood cells These had previously been washed and suspended in 
0 85 per cent saline and sensitised by the addition of 0 1 c c of standard 
immune body (Burroughs Wellcome) to every 20 c c of the suspension The 
mixtures were shaken and placed in an incubator at 37° C for one hour 
They were then centrifuged at approximately 3000 r pm for three minutes 
0 5 c c of the supernatant fluid was added to 1 c c of decinormal HC1, and 
the haemoglobin present estimated exactly five minutes later m a Zeiss 
haemometer This instrument expresses its results in terms either of grammes 
or of percentages , we adopted the latter 

By this method the complement titre of the blood is expressed 
in terms of the amount of haemolysis occurring m a given system 
under standardised conditions In order to make the results of 
successive experiments comparable the suspension of cells was so 
adjusted that complete haemolysis gave a readmg of approxmiately 
100, and the figures throughout are given as a percentage of complete 
haemolysis Over 400 estimations have been earned out by this 
method on sera from vanous sources and the readings have, m 
general, ranged from 70 to 100 per cent , the average readmg 
being about 85 per cent In rheumatic fever and chorea lower 
readings were the rule, rangmg from 60 to 80 per cent , and in one 
instance a readmg as low as 22 per cent was obtained In only 
two mstances so far, apart from the cases of nephritis under review, 
has a reading m the region of zero been obtained , one v as in a 
case of fulminating eclampsia, the other m a case of malignant 
endocarditis 

The material for min g the basis of the present paper consists 
of estimations, often repeated, of the complement m 38 cases of 
nephritis The classification of nephritis is as complicated and 
difficult as any m medicine, and it was thought desirable in the 
first place to use as simple a classification as possible, of necessity 
a clinical one, as relatively few of the cases were submitted to 
post-mortem examination The cases were divided into three 
mam groups, acute glomerulo-nephntis, subacute nephritis and 
chrome nephritis Six cases did not fall readily into any of these 
groups and are considered separately The diagnosis of acute 
glomerulo-nephritis m a child following scarlet fever or tonsillitis 
is usually made with little difficulty and with a fair degree of 
certamty In older subjects it is sometimes difficult to determine 
if the attack is one of primary acute nephritis or a flare-up of an 
older lesion A history of past acute nephritis is so often lacking 
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the onset) was still not quite normal, but the boy appears to have made a 
good recovery 

Case 9 Complement at the 4tli week was still causing only 36 per cent 
hsemolysis , she was taken home and died three weeks later of nrsemia 

Case 10 Complement at the end of 3 months was still causing only 
60 per cent hasmolysis , he died a year later of uriemia 


Table I 


Cases diagnosed as acute glomerulo-nephritis 



Sex 

Age 

(jears) 

Blood 

pressure 

Blood 
urta 
(mg per 
100 c c ) 

Blood 

complement 
In terms of 
percentage 
liamnljsls 

Remarks 

After hfeton 

1 AY J AY 

M 

31 

130/ 

138 

95 

Not acute nephritis 
See to\-t (p 523) 

Died, PM 
62/38 

2 M E C 

m 

7 

120/80 

70 

o 

Complement normal 
(100) m 5 weeks 

Recot ered 

3 P 0 C 

sgl 

9 

164/120 

32 

42 

A 7 ery mild case 

Recox ered 

4 H AV 


10 

131/90 

136 

8 

Complement normal 
(85) m 6 weeks 

Recovered 

5 T H 


10 

138/95 

338 

0 

Complement still 0 
after 10 weeks 

Died , no P M 
(see text) 

6 D U 

M 

11 

I50/1 10 

41 

32 

Complement normal 
(751 m 5 tteeks 

Reem ered 

7 D N 

F 

12 

130/70 

135 

25 

Complement still low 
(20) 2 months later 

See text 

8 A T 

gg 

12 

125/98 

72 

5 

Complement still low 
(60) 2 months later 

Recot ered 
(see text) 

9 M A 

F 

121 

130/106 

64 

15 

Complement still low 
(36) 4 weeks later 

Died (see text) 

10 PB 

M 

13 

1657125 

no 

20 

Complement still low 
(62) 3 months later 

Died (see text) 

11 F B 

M 

13 

160/100 

132 

18 

See text (p 524) 

Died , F M 
182/37 

12 J S 

M 

15 

170/110 

95 

4 

Complement normal 
(96) in 4 weeks 

Recovered 

13 CL 

M 

15 

180/100 

87 

2 

Complement normal 
(80) in 4 weeks 

Recot ered 

14 G E 

M 

17 

160/170 

33 

0 

One estimation (on 
admission) only 

Recovered 

15 J B 

M 

19 

190/130 

46 

20 

Complement normal 
(80) m 14 weeks 

Recot ered 

16 W C 

M 

19 

145/95 

200 

SO 

Not acute nephritis 
See text (p 623) 

Died, PM 
18 ] /38 nxt 

n r b 

M 

41 

200/120 


0 

One estimation only 

Died , no F Ji 

18 RN 

M 

51 

360 

10 

See text (p 624) 

Died , F M 
226/37 


While the persistent deficiency of complement may prove to 
be of some prognostic value, it must be admitted that there was 
adequate clinical evidence that these cases were passing mto the 
subacute stage, and a bad prognosis would have been given on 
these grounds alone 

Four cases which died in the acute stage were examined post 
mortem and it is fortunate that these include the two cases, clinically 
acute nephritis, which did not show reduction in complement 
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has been noted occasionally in nephritis (as m case 18 of this senes) 
and a glomerulitis is often noted in cases of polyarteritis nodosa 
The association of all three m one case is rare, but an example 
very similar to ours has been reported by Helpem and Trubek 
(1933), where the endocarditis was of gonococcal origin and 
presumably primary There is no point in attempting to discuss 
here which of the three lesions in our case was the primary , it is 
sufficient to stress that the nephritis was not m the active stage 

Case 11 F B , a boy agod 13, was admitted suffering from acute 
nephritis and peripheral neuntis of both arms The neuritis subsequently 
extended to the legs and he died suddenly apparently of a diaphragmatic 
palsy 

Summary of post-mortem findings P M 182/37 Slight oedema of 
subcutaneous tissues, excess of fluid in pleural and peritoneal cavities 
Kidneys considerably enlarged, with broadened cortices, in which glomeruli 
can be seen as slightly projecting bloodless pin-points. The histological 
picture is that of an active acute glomerulo-nephntis with some early 
subacute features , there are no signs of older renal disease and all the 
glomeruli appear to be affected In the ulnar and sciatic nerves the changes 
are quite marked m paraffin sections In places the nuclei have disappeared 
and the degenerated nerve fibres are swollen and dilated and often spirally 
twisted m corkscrew fashion 

We have been unable to discover m the literature any recent 
description of peripheral neuntis complicating acute glomerulo- 
nephntis The cases descnbed by Leyden m 1880 (quoted by 
Ross and Bury, 1893) and Dixon Mann in 1887, however, seem 
to us to resemble sufficiently the case under discussion to warrant 
our considermg that both the nephritis and the polyneuntis were 
due to the same underlying cause 

The other fatal case, confirmed at autopsy, was the following 

Case 18 It N , a man aged 51, was admitted m a semi-comatose 
condition with shght oedema and a blood urea of 360 mg per 100 c c 

Summary of post-mortem findings P M 226/37 (Edema of subcutaneous 
tissues, excess of fluid in peritoneal cavity, acute fibnnous pericarditis, 
urpemic hemorrhages and ulcers m colon Kidneys (22 oz ) have the 
appearances of a subacute nephritis m an early active stage The lesions 
are mainly mtracapillary, but crescents are not rare The activity of the 
process is indicated by occasional fibnnous thrombi m the capillary loops 
and numerous polymorphs in and around the glomeruli An unusual finding 
is the presence of necrotising artentis m a few medium-sized and smaller 
arteries 


Group 2 Cases diagnosed as subacute nephritis 

All four cases in this group had a history of acute glomerulo- 
nephntis less than a year before admission, with persistence of 
renal signs and symptoms, mainly oedema, albuminuria and high 
blood urea The complement, while not at the low levels of the 
acute cases, was reduced, the figures being 74, 70, 52 and 64 Three 
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the cases by convulsions There were, however, differences 
sufficiently marked to exclude their being labelled acute nephritis 
The average age was much greater, the duration longer, ursemic 
signs were more prominent and albummuiic retinitis was generally 
present In every case the blood complement was well within 
normal limits The prognosis was much worse than in the acute 

Table II 


Cases diagnosed as chronic nephritis 


So 

Sex 

Age 

Blood 

pressure 

Blood 
urea 
(mg per 
100 c c ) 

Blood comple- 
ment in terms 
of percentage 
liremoljsi' 

Kcmnrks 

1 J E R 

P 

26 

220/ 

336 

85 

Died , no P M 

2 J A 

M 

27 

210/170 

240 

98 

Died , P M 13/38 , 
chronic nephritis 

3 J S 

M 

32 

195/110 

305 

93 

Discharged moribund 

4 G K 

M 

34 

218/118 

16S 

98 

Died, PM 192/38, 
chronic nephritis 

6 T S 

M 

37 

180/110 

330 

92 

Died , P M 136/38 , 
late subacute nephritis 

6 J H 

M 

38 

195/70 

192 

90 

Died PM 246/38, 

late subacute nephritis 

7 W J W 

M 

38 

240/130 

264 

90 

Discharged , no im- 
provement 

8 J P H 

M 

42 

210/165 

172 

95 

Discharged , no im- 
provement 

9 J W M 

M 

57 

210/132 

212 

86 

Died , no P M 

10 W J B 

M 

66 

155/125 

168 

82 

Discharged , no im 
provement 

11 R B 

M 

49 

240/150 

58 

80 

Died , essential hyper- 
tension , no P M 

Died , P M 395/37 , 
essential hypertension 

12 W S 

1 

M 

25 

210/130 

144 

95 


cases , 6 of the 10 died, and m four the diagnosis was confirmed post 
moitern Both the cases of essential hypertension died and one 
came to autopsy Details of these five cases are given below 

Case 2 J A , a male aged 27, was admitted with three weeks’ history 
of headaches and polyuria No previous history of acute nephritis 
Albuminuric retinitis present 

Summary of post-mortem findings P M 13/38 No cedema , marked 
left ventricular hypertrophy , urremic hemorrhages in ileum Kidneys 
(6 oz ) reduced in size, with appearances of chrome nephritis Microscopical 
examination confirms the lesion as a severe chronic nephritis with no special 
features 

Case 4 G K , a man aged 34, was admitted with polyuna, albuminuria 
and failing vision He had had acute glomerulo-neplintis five years before 
and marked albuminuric retinitis was present 

Summary of post-mortem findings P M 192/38 No cedema , great 
hypertrophy of left ventricle Kidneys very small, capsules adherent and 
external surfaces granular Section showed a uniformly narrowed fibrotic 
cortex with loss of differentiation from medulla Microscopically a cliromc 
glomerulo -nephritis of severe degree is present with no evidence of a fresh 
lesion or of anything indicating a flare-up of the old 
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i/hesc cases might represent the so-called nephrotic type of 
omc glomerular nephritis, though it is equally possible that 
certain of them in view of their short histories might be mild 

Table III. 

Nephritis of doubtful nature 


Xo 

Sex 

Apr 

Blood 

rrcssnro. 

Blood 

urea 

(mg iwr 
cent ) 

Blood 

complement 
In terms ot 
percentage 
lranolvsls 

1 A C 

51 

18 

130/00 

32 

73 

2 W J 

51 

25 

135/105 

80 

S2 

3 H 51 

51 

25 

150/95 

68 

75 

4 W T 

51 

33 

130/90 

42 

SO 

5 S R 

51 

34 

120/85 

34 

94 

6 E H 

51 

37 

165/100 

22 

95 


Remarks 


One month before admission 
transient attack of abdominal 
pam and hsematuna , slight 
(Edema of ankles and face , renal 
efficiency tests normal , albumin- 
uria 

Five weeks before admission sore 
throat , two weeks later tran 
Bient oedema with hmmatuna , 
recoi ered completely within the 
week , shght albuminuria 
Acute tonsillitis 3 years prior to 
admission , 10 weeks ago sore 
throat and rheumatic pains , 

7 weeks ago transient oedema of 
feet, albuminuria 
Cold 8 weeks ago , transient oedema 
of feet 7 weeks ago, with luema- 
tuna , on admission gross 
albummuna only 
Two months before admission otitis 
media , 3 weeks later septic 

finger followed 1 week later by 
generalised oedema with “ cloudy 
urine ” , admitted with shght 
generalised oedema and gross 
albummuna 
Three months before admission 
generalised oedema and marked 
albummuna, otherwise well , 
normal renal function tests 


examples; of acute nephritis admitted too long after the onset to 
snow the typical reduction m complement It is interesting that, 

espi e e very heavy loss of protein m the urine, the complement 
remained normal 

Discussion 

Our work over the past three years would seem to show that 
in certain cases of nephritis the complementary activity of the 
serum is low m comparison with that of normal individuals as 
shown by its lytic activity for sensitised sheep cells 

Scheller (1910), Thiele and Embleton (1914-15) and later workeis 

'l a tiie rate of haemolysis by complement becomes 

er as it approaches completion Methods employing complete 
P- ^ as an end point tend therefore to lose m sensitivity, and 
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the complement might well have returned to normal by that tune, 
as m cases 2, 6, 12 and 13 in table I In cases 3 and 6 there is a 
history suggestive of renal disease months before admission and, 
of the other cases m the senes, no 5 is more suggestive of toxic 
nephrosis than of acute glomerulo-nephntis 

So far as our work is concerned it would seem that a considerable 
deficiency m the complementary activity of the blood is, m a case 
of nephritis, pathognomonic of those processes producing acute 
glomerulo-nephntis It has, then, a certam practical diagnostic 
value, and it is apparent that even m our limited series the 
estimation of the complement proved itself m retrospect to be of 
diagnostic value in cases such as nos 1 and 18 It may also be 
that it has some setiological significance, which if estabhshed would 
add greatly to its diagnostic value 

It would seem possible that this reaction as it stands may 
prove capable of answering the question whether chrome glomerulo- 
nephntis is usually the result of a smgle progressive attack or 
whether relapses commonly occur Boyd (1935) is of the opinion 
that this question also can “ only be answered from analogy,” 
and states that “ In nephritis also there is often clinical evidence 
of repeated exacerbations of the disease, which probably reflect 
successive blows to the already damaged kidney, so that once more 
the damage of the end stage may be extreme ” Fisliberg (1931) 
thinks that true relapses occasionally occur, and both authors 
quote the same case, that reported by Mann m 1887 In our 
admittedly small senes we found no serological evidence of a true 
flare-up in the cases of chrome nephntis, although some of them 
were admitted with signs of acute renal insufficiency, and with 
the exception of an example of chronic focal nephntis (nephritis 
repens of Russell) none of the chrome cases examined at autopsy 
had any morbid anatomical evidence of recent activity m the 
kidneys 

While further work is necessary to determine the significance 
of this low complementary activity of the blood, our results fall 
readily into lme with those of the earher workers summansed at 
the beginning of this paper In the earher literature it was advanced 
as a pathognomonic sign of uraemia, and when this was disproved 
by Senator and subsequent workers the phenomenon appears to 
have fallen mto ill-deserved neglect and to have been virtually 
forgotten Had a distinction been made between the so-called 
uraemic fits associated with acute glomerulo-nephntis and those 
with terminal renal failure, it is probable that this would never 
have happened Further work would have quickly shown that 
it occurred m acute glomerulo-nephntis only, whether accompanied 
by fits or not 




534 


s McDonald j» and j c heather 


auricular "wall by a layer of thrombus, but thoro was a cleft-lik© space leading 
to the mitral orifice between the auricular soptum and the tumour There 
was commencing invasion of the wall of the aorta whore it crossed the left 
bronchus, and nodular metastases were present in the lowei lobe of the 
left lung 

Mead (1932-33) reports a bronchogenic carcinoma of the right lungm a male 
aged 65 A secondary extension had entered and grown within one of the 
light pulmonary veins as far as the left auncle, winch was distended with 
tumoiu, the lower portion extending through the mitral orifice mto the left 
ventricle There was no invasion of the endocardium 

A primary spindle coll sarcoma of the light lung m a male aged IS is 
recorded by Johns and Sharpe (1935) The lumen of the light pulmonary 
vein had been invaded and the left auncle was practically filled by a polypoid 
mass of tumour which was causing mitral obstruction The tumour mass 
lay free m the auricular cavity, but tliore appeared to be invasion of the 
intima of the vein Nodular metastases were present in the left lung and 
liver 

Tlie following cases of new r growth withm the left auricle form 
a group whose characters differ from those of the first series 

Retrograde invasion of the loft pulmonary vein by a primary mjoma 
of the left auricle is recorded by Justi (1896) The tumour took the form 
of n bilobed nodular polypoid mass, the larger portion of which originated 
from the medial wall of the auricle at the level of the attachment of the 
mitral cusps A secondary extension passed mto the ostium of a left 
pulmonary vein and could be demonstrated on section of the left lung 
No evidenco of new growth in other organs 

Muller (1932) descubes a pedunculated fibrosaicoma of the left auricle 
m a female aged 68 It almost filled the auricular cavity and obstructed 
the ostia of the pulmonary veins and the mitral onfico A polypoid lobulated 
portion passed into a right pulmonary vein and became continuous with a 
sharply circumscribed mass about tho size of a goose’s egg in the middle 
lobe of the right lung There was a sharp lino of demarcation between 
tumour and auricular endocardium except m one area where the two were 
separated by a zone of granulation tissue Nodular metastases were present 
in the left lung 

A primary spindle cell saicoma of the heart m a male aged 34 is described 
by Baldwin (1910) The right vontncle was grossly dilated and a large 
pedunculated tumour almost filled the cavity of the left auricle It oi lgmated 
from the margin of the ostium of the left inferior pulmonary \ em and was 
encapsulated 

Pussier (1896) reports a case of broncluol carcinoma m a male aged 52 
which may conveniently be included in this series although the lumen of 
•the pulmonary vein was not involved The mam branch of the right 
pulmonary artery had been eroded and the pulmonary veins were compressed 
There had been widespread dissemination in the lymphatic plexus surrounding 
•the pulmonary veins, and while strands of tumour cells wore found in the 
walls of the veins, the mtima had not been perforated The growth 
accompanied the left pulmonary veins mto the wall of the left auricle 

We have observed two further examples of neoplastic invasion 
of the pulmonary veins and left auricle 



536 


£ McDonald Jr and j c heather 


pulmonary vein were plugged by growth close to the lung root 
The lower division of the right branch of the pulmonary artery 
was compressed by the surrounding growth The extra-pulmonary 
portions of the veins draining the upper and middle light lobes 
were partially thrombosed, and the superior and inferior nght 
pulmonary veins were distended with growth to a diameter of 
about 3 cm The growth m the superior pulmonary vem did not 
extend further than the junction of the vein and its tributaries 
from the upper and middle right lobes The left auricle contamed 
a tumour mass about the size of a tangerine orange It was 
contmuous with the tumour invading the right pulmonary vems, 
but neither the auricular appendage nor the left pulmonary «vems 
were mvaded A polypoid portion passed through the mitral 
onfice causmg bulging displacement of the mitral cusps The 
auricular wall could be detached from the periphery of the growth, 
and there was no evidence of invasion of either mural or valvular 
endocardium The myocardium was rather pale and soft and 
there was shght hypertrophy and dilatation of the right ventricle 
There were no growths in the abdominal viscera, which showed 
only chrome passive congestion 

Anatomical di agnosi s Bilateral metastatic pulmonary sarcoma , 
invasion of nght pulmonary vems, left auncle and mitral onfice , 
hydrothorax , congestive cardiac failure 

Microscopical examination 

Portions of tumour from the lower lobe and hilum of the right 
lung, subpleural deposits from the left lung and the tracheo-bionchial 
and nght broncho-pulmonary lymph nodes were fixed in 10 per cent 
formol-sahne The stains used were hsematoxyhn and Biebncli 
scarlet, Masson’s hsematoxyhn, fuclism ponceau and hght green, 
and Foot’s modification of the Del Rfo-Hortega silver carbonate 
method Further sections of the leg tumour removed in 1930 
were similarly stained 

Lower lobe of right lung The tumour is composed of sheets 
of monomorphic polyhedral cells (fig 2) irregularly interspersed 
by numerous capillanes and occasional coarser fibro-vascular 
strands The cells measure 8-10 p m their largest diameter The 
nuclei are oval or spheroidal with sharply defined nuclear membrane, 
and the chromatin has a vesicular arrangement Nucleoh are 
ill defined , mitoses average 5 per high power field The cytoplasm 
is pale and poorly defined , in dividing cells it is somewhat acido- 
philic There is no evidence of fibrillary intercellular stroma and 
reticuhn fibrils are limited to the capillary walls (fig 3) There 
is, however, an intercellular matrix of minute famtly acidophilic 
.granules (figs 2 and 3), which often occur m pericellular clusters 



Plate LXI1I 


Fro 1 — Case X Secondary reticulosarcoma of lung invading left auricle The right 
lung has been bisected and the posterior half reflected outwards from the lulus 
An invaded branch of the inferior right pulmonary vein is seen in cross section 
below the mam hypartenal bronchus, and the distended superior and inferior 
right pulmonary veins he between the edge of the lung and the left aunclo 
The posterior part of the coronal sulcus and the left auricular appendage have 
been removed so as to show the mtra-auncular growth, which also presents 
at the orifices of the left pulmonary veins 

Fig 2 — Reticulosarcoma Metastasis in right lung, showing sheets of tumour cells 
interspersed by capillaries Granular material is present between the tumour 
cells Haimatoxylm and Biebncli scarlet X 480 

Fig 3 — Reticulosarcoma Metastasis in right lung, showing reticuhn fibrils limited 
to capillarj walls, and intercellular granular material Foot’s stain X 300 
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fibrosis of both lungs with dimming of the right base and (?) pulmonary 
collapse The general condition gradually improved but the collapse did 
not clear up In a month’s time ho was able to got up and could eventually 
walk three miles 

He was readmitted on 19th April 1937 During the previous six weeks 
dyspnoea had recurred and oedema of the legs had appeared. At the same 
tune generalised pulmonary osteo -arthropathy developed and cough with 
occasional haemoptysis became troublesome He was orthopnoeic and 
slightly cyanosed, and the right chest was practically immobile This area 
was characterised b 3 ^ stony dulness with absent V.R and breath sounds 
The apex beat was behind the sixth nb four inches from the mid-sternal 
lme The heart sounds were accentuated, with a variable apical systolic 
murmur The dyspnoea and distress increased and the patient died suddenly 
on 5th May 1937 

Autopsy 

Body poorly nourished marked clubbing of fingers and toes 
No gross abnormalities in upper digestive or respiratory tracts 
Each pleural sac contained about two pints of clear yellow fluid 
There were fibrous adhesions at the right apex and over the lower 
and outer surfaces of both lower lobes There was a small 
hsematoma in the right superior interlobar fissure The tracheo- 
bronchial nodes were invaded by firm creamy white growth and 
the right mam bronchus was slightly narrowed 1 5 cm below its 
origin The lumen of the mam hyparterial bronchus to the ngkt 
lower lobe was patent for 2 cm , but at this point it merged into 
and became surrounded by a mass of new growth (fig 6) which 
extended in an antero-postenor and lateral direction almost to 
the diaphragmatic surface The growth had an irregularly lobulated 
arrangement and was yellowish white in colour with numerous 
areas of necrosis and haemorrhage The branch of the superior 
pulmonary vem from the right middle lobe was thrombosed, while 
the right inferior pulmonary vein was distended by new growth 
to a diameter of 2 5 cm The lower branch of the nght puhnonary 
artery was compressed by growth The remainder of the right 
lung was collapsed and cedematous, the middle lobe atrophic 
and moulded over the surface of the lower lobe There was an 
obsolete fibro-caseous tuberculous focus at the right apex attended 
by slight bronchiectasis The upper lobe of the left lung was 
cedematous, the lower lobe partially collapsed and its mam bronchi 
plugged by mucopurulent secretion The cavity of the left auricle 
was distended to a diameter of 10 cm by a globular mass of growth 
which was contmuous with the extension of the pulmonary tumour 
via the right inferior pulmonary vem The mtra-auricular growth 
was partially covered by a layer of thrombus and the orifice of the 
right superior pulmonary vein was partially occluded by thrombus 
A probe could be freely passed between the growth and the wall 
of the auncle except m the superior and right lateral regions near 
the entrance of the dilated inferior pulmonary vem, where the 
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filled by extremely necrotic tumour and the adventitial region 
is surrounded by growth except m one area where there is a narrow 
zone of collapsed lung alveoh The tumour cells are closely applied 
to the mtima and in this region the large multmuclear cells tend 
to arrange themselves m a palisade-like manner The wall of the 
vein is diffusely infiltrated by mononuclear leucocytes , there is 
no evidence of invasion of the perivascular lymphatics The 
pulmonary artery is normal, and the liypartenal bronchi are not 
invaded at this level 

Wall of left auricle At the junction of the mfenor right 
pulmonary vein and the auricular wall the tumour cells are closely 
apphed to the intima There is no evidence of invasion of the 
vein wall, but m places the endothehum is disorganised by a 
narrow zone of fibroblastic prohferation with capillary sprouts, 
which separates tumour and submtima The relationship between 
tumour and mural endocardium (fig 10) is similar, but laminated 
thrombus is moulded over parts of the surface of the tumour and 
m some areas this thrombus widely separates tumour and heart 
wall There is a slight amount of orgamsation of the thrombus 
from the endocardial aspect There is no evidence of invasion 
of the muscle and generally there is marked thickening of the 
subendocardial connective tissue In places this fibiosis encroaches 
on the myocardium and includes areas of granulation tissue The 
visceral pericardium shows early orgamsation of a simple 
inflammatory exudate 

Tracheobronchial node There is diffuse invasion by. necrotic 
spheroidal and spindle cell growth The tumour cells are smaller 
than those m the lung and giant forms are not apparent 

Metatarsal bones. There has been extensive subperiosteal 
formation of rarefied cancellous bone, and between the spicules 
the loose connective tissue is oedematous and highly vascular A 
certain amount of osteoclastic resorption is m progress 

Histological diagnosis Rhabdomyoma sarcomatodes 

Discussion 

It seems clear that the pathological manifestations of the 
extension of pulmqnary neoplasms into the left auncle via the 
pulmonary veins should be considered separately from cases of 
direct transpencardial prohferation of mediastinal neoplasms or 
of hsematogenous cardiac metastases from a distant organ 
Examples of the latter types of invasion of the left auricle have 
been recorded by Napp (1905), Yater (1931), Achard (1933), 
Matthews (1935-36), and McNamara et al (1937) According to 
Miller (1936) lymphatic permeation accounts for a limited numbei 
of cases of metastatic cardiac growth It is possible moreovei 
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and Zipkin (1907) but in both these cases the tumours we re 
essentially teratomatous Friedmann (1929) describes a nodular 
tumour involving both lungs and the parietal pleura in a male 
aged 59 There were metastases m the regional lymph nodes and 
abdominal viscera, and the tumour was legarded as originating in 
the right lung Microscopically a fasciculated arrangement of 
spindle and giant round cells was apparent and while the morphology 
of these cells was entirely consistent with an ongin m striated 
muscle, cross stnation was not observed The absence of the latter 
was regarded as an expression of cellular undifferentiation In 
our case the tumour displays the morphological characters accorded 
to malignant rhabdomyoma by Cappell and Montgomery (1937) 
and we suggest that it may have originated through dislocation of 
a portion of the paraxial mesoderm into the splanchnopleure 
mesoderm. 

In conclusion some reference may be made to the circulatory 
disturbances which may follow neoplastic invasion of the left 
auricular cavity In both our cases there was mitral obstruction, 
but the gross encroachment on the auricular cavity appeared to 
cause relatively httle circulatory embarrassment until the terminal 
stages Muller states that the metastases m the left lung in his case 
(vide supra, p 534) are probably to be accounted for by alterations 
m the venous currents m the left auricle due to the presence of 
the mtra-auncular growth, with stasis in the left pulmonary veins 
and retrograde transportation of tumour cells Metastasis via the 
bronchial arteries seems to be a more reasonable explanation of 
growth m the contra-lateral lung 

Mead (1932-33) refers to the so-called cardinal signs of cancer 
of the heart — cyanosis, precordial pam and frequent recurrent 
hsemorrhagic pericardial effusions, but states that almost invariably 
the symptoms are obscured by the primary disease picture When 
they are observed they are generally attributed to the primary 
neoplastic condition and neglected Yater (1931), on the other 
hand, draws attention to criteria suggestive of malignant mitral 
obstruction, among which are the absence of any history of rheumatic 
infection, progressive congestive failure and change of physical 
signs with alteration of position A case of pedunculated thrombus 
of the left auricle which simulated mitral stenosis is recorded by 
Kaplan and Hollingsworth (1935) So far as could be determined 
clinically there was nothing suggestive of mitral obstruction m 
either of our cases apart from the variable apical systohc murmur 
in case 2 


Summary 

The literature relating to neoplastic mvasion of the pulmonary 
vems and left auricle is reviewed and two new cases are described. 
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production (Panton and Valentine, 1932) was slight and was removed 
by filtration The pathogemeity for normal rabbits inoculated 
intravenously with washed cocci from 18-hour broth cultures is 
shown in table I 

Table 1 

Results of infecting normal rabbits intravenously with 
Staphylococcus pyogenes, strain S 11 


Dose of 
culture 

No 

infected 

No 

dying 

Sfean time 
to death in 
days 

Staphylococci recovered 
from heart blood after 
dentil 

Staple lococcl not 
recovered from heart 
blood after death 

No 

Stein time 
to death in 
da vs 

No 

Stein time 
to death in 
dnvs 

1 c c or 

32 

32 

6 4 

20 

5 0 

1 

83 

more 









29 

27 

9 1 

12 

8 7 


9 1 


5 

3 

9 7 


8 0 


13 0 


3 

3 

13 0 



3 

13 0 


Preparation of vaccines 

Vaccine A An 18-hour broth culture was treated with 0 4 per cent 
formalin for an hour at 37° C and overnight at room temperature It was 
tested for sterility and kept at 4° C Before use the organisms were centri- 
fuged and re-suspended in broth 

Vaccine B This was similar to A excopt that tliree-hour cultures in 
0 05 per cent glucose broth were used 

Vaccine C Three-hour cultures in 0 05 per cent glucose broth (which 
according to Lyons should contain capsulnted cocci) were placed m a water- 
bath at 37° C winch was then rapidly brought to the boil , the culture was 
immediately cooled under the tap and used on the same day 

Vaccine D A three-liour glucose broth culture was heated at 60° C 
for exactly 10 minutes, coolod quickly and used on the same day Heating 
for 10 minutes at 55° C reduced the viable organisms to about one millionth , 
at 60° C the culture was sterilised 

Vaccine E A three-hour culture of Pasleurella pseudotuberculosis in 
glucose broth was heated for 10 minutes at 60° C , which sterilised it 

Rabbits The initial weight was usually between 1750 and 2250 g , the 
heavier animals usually serving for controls During the experiments they 
were weighed daily 

Test for immunity 

Before each experiment the strain was passed through a rabbit and 
cultured in broth for 18 hours The organisms were centrifuged, re-suspended 
in broth and diluted 1 2 The dose was 1 0 c c given intravenously , it 
contained an average of 269 x 10 8 living cocci The exceptions to this dosage 
are specified 

Blood cultures 

Blood was obtained from a marginal ear vein The first few drops were 
discarded since they were much more heavily infected than the freely 
circulating blood The blood was added to citrate broth Amounts 
representing 0 5 c c of blood and tenfold dilutions were plated in duplicate 
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Table II 


Tit re of antibodies during the course of infection with Staphylococcus 
pyogenes and results of cultures from the tissues (experiment IV) 


llabhit 

no 

1 

1 

! 

Immunised 1 
ttitlisaccinc | 

Time In relation 
to Infection 

Tltre of antibodies 

Result of culture at 
necropsy 

Agg 

AT 

AL 

Heart 

blood 

Kidneys 

92 

c ! 

Before 

1 100 

<0 05 

<0 005 




1 

After 7 days 

1 160 

<0 05 

<0 005 





»» 15 M 

1 320 

<0 05 

0 005 





„ 22 „ 

1 160 

0 1 

0 08 





„ 28 „ 

1 80 

1 0 

0 01 

Sterile 

One positive 

95 

c 

Before 

1 80 

<0 05 

<0 005 





After 7 days 

1 80 

<0 05 

<0 005 





*» 15 n 

1 40 

<0 05 

0 08 





„ 10 „ 




Sterile 

Both positive* 

109 

B 

Before 

1 320 

<0 05 

<0 005 





After 7 days 

1 320 

<0 05 

<0 005 





»» 15 it 

1 320 

<0 05 

0 16 





22 

1 160 

6 0 

0 16 





OQ 

• » «0 tf 

1 40 

3 0 

0 16 

Sterile 

One positive 

114 

A 

Before 

1 40 

<0 05 

<0 005 





After 7 days 

1 40 

<0 05 

0 005 

Positive 

Both positivef 

116 

A 

Before 

1 20 

<0 05 

<0 005 





After 7 days 

1 40 

<0 05 

<0 005 





»» 15 „ 

1 40 

<0 05 

<0 005 





„ 22 „ 

1 40 

<0 05 

<0 005 





„ 28 „ 

1 10 

<0 05 

<0 005 

Sterile 

Sterile 

124 

Control 

Before 

<1 1 

<0 05 

<0 005 





After 7 days 

<1 1 

<0 05 

<0 005 





>» 15 tt 

<1 1 

<0 06 

0 08 





„ 22 „ 

<1 1 

0 5 

0 08 





„ 28 „ 

1 5 

1 0 

0 04 

Sterile 

Both positive 

125 

Control 

Before 

<1 1 

<0 05 

<0 005 





After 3 days 




Positix e 

Both positive}: 


Agg = agglutinin • Paralysed killed on 10th das 

AT = international units or a antitoxin t Died on 7th day 

AXi =K units of antUeucoeldln j Died on 3rd das 


The bactencemia following intravenous infection 

Quantitative blood cultures showed that staphylococci injected 
intravenously were rapidly removed from the circulation and that 
after one hour a very small proportion remamed Observations 
made on 16 immunised rabbits and 8 normal controls were analysed 
There was no significant difference in the average counts one hour 
after infection Twenty-four hours after infection the average 
counts were 155 for the immunised and 729 for the controls, the 
former being weighted with a count of 1200 m one rabbit The 
difference between the 24-hour counts is 2 37 times the standard 
error of the difference 
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Table II 

Tit re of antibodies during the course of infection with Staphylococcus 
pyogenes and results of cultures from the tissues ( experiment IV) 


llabbit 

no 

1 

! 

Immunised 
with "vaccine 

Time In relation 
to infection 

Titre of antibodies 

Result of culture At 
nccropsv 

Apg 

AT 

AL 

Heart 

blood 

Kidneys 

92 

C 

Before 


PH 

<0 005 





After 7 days 

BEnti 'il 

HIIIHI 

<0 005 





„ 15 „ 

BSE fl 

Slilili 






„ 22 „ 

IB bill 

■K>1U 

Kill 





„ 28 „ 



Eli 

Sterile 

One positive 

95 

c 

Before 



<0 005 





After 7 days 



<0 005 





„ 15 „ 


<0 05 

0 08 





,, 10 „ 




Stenle 

Both positive* 

109 

B 

Before 


<0 05 

<0 005 





After 7 days 

1 320 

<0 05 

<0 005 






BWiOl 

<0 05 

0 16 





22 

»» ♦» 

IV >71 

6 0 

0 16 





ft 28 „ 

ESI 

3 0 

0 16 

Sterile 

One positn o 

114 

A 

Before 

1 40 

<0 05 

<0 005 





After 7 day's 

1 40 

<0 05 


Positive 

Both positivef 

116 

A 

Before 


<0 05 

<0 005 





After 7 days 


<0 05 

<0 005 





M IS *» 


<0 05 






„ 22 „ 


<0 05 

<0 005 




! 

»» 28 i, 


<0 05 

<0 005 

Sterile 

Stenle 

124 

I Control 

Before 

<1 1 

<0 05 

<0 005 




1 

After 7 days 

<1 1 

<0 05 

<0 005 




1 

1 .. 15 „ 

<1 1 

<0 05 





1 

22 „ 

<1 1 

0 5 

jftl 





„ 28 „ 

1 5 

1 0 

XU 

Stenle 

Both positn e 

125 

Control 

! Before 

<1 1 

<0 05 

<0 005 




1 

1 

After 3 day's 




Positive 

Both positivef 


Ape = agglutinin * Paraij sed, killed on 16tb day 

AT = international units or a antitoxin t Died on 7th day 

AL =K units of antilcucocidln } Died on 3rd day 


The bactencemia follovnng intravenous infection 
Quantitative blood cultures showed that staphylococci injected 
intravenously were rapidly removed from the circulation and that 
after one hour a very small proportion remained Observations 
made on 16 immunised rabbits and 8 normal controls were analysed 
There was no significant difference m the average counts one hour 
after infection Twenty-four hours after infection the average 
counts were 155 for the immunised and 729 for the controls, the 
former being weighted with a count of 1200 in one rabbit The 
difference between the 24-hour counts is 2 37 times the standard 
error of the difference 
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Figs |3 nnd 4 — Changes m « eight, bacteriremia and serum antibodies during the 
course of infection 


Fig 3 — Immunised rabbit which survived infection 
Fig 4 — Immunised rabbit which became paralysed on the 16th day of 
infection 

From these experiments it appears that immunisation did not 
enhance the normal clearing mechanism but possibly influenced 
the magnitude and duration of the secondary bacterisemia 


Sterilisation of the tissues 


According to other workers, immediately after the initial 
clearance of the blood stream staphylococci are most numerous 
m the liver and spleen (Bartlett and Ozala, 1916-17 , Sullivan, 
Neckermann and Cannon, 1934 , Forssman, 1937), but rapidly 
decrease m these organs and increase in number m the kidneys, 
where they may be present within an hour after infection (Dyke, 
1923) In these experiments local abscesses have sometimes 
occurred m the myocardium, the costo-chondral junction and the 
bones, but if there were any abscesses the kidneys were always 
involved Cultures taken from the pelvis of the ladney have 


been used as an index of the persistence of infection 

Staphylococci were recovered from both kidneys of all rabbits 
that died and from one or both kidneys of the majority that 
survived Among the survivors the kidneys were sterile m 6 of H 
immunised and 1 of 2 normal annuals. 


Loss of body weight. 

The weight of normal rabbits fell steadily during infection 
and those that survived for a fortnight had lost about 25 per cen 


KILLED 16th DAY 



Percentage survivors 
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but with vaccine E , group 4 was not vaccinated Serum taken 
8 days after the last dose of vaccine was tested for antibodies against 


Table V 

Results of intravenous infection with Staphylococcus pyogenes of 
specifically and non-spccifically immunised rabbits 



Immunised with 

No 

of rabbits 

No 

Arerapc 

Mean time 

Percentape 

sunbed 

Group 

\ncclne 

of doses 

sun King 

2S dnvs 

sunhnl 
time In dnj s 

to death in 
dnjs 

1 

D 

9 

11 

4 

20 5 

16 1 

l 47 1 

2 

D 

3 

6 

4 

21 7 

9 0 

J 

3 

E 

9 

14 

8 

22 5 

12 6 

57 1 

4 


0 

16 

0 

10 1 

10 1 

0 


<00 p 

?0 ■ 

to ■ 

10 . 

60 

JO 

40 

JO 

io 

10 


DAYS AFTER INFECTION 

Pig 6 — Time-survivor curves of immunised and non-immunised rabbits (experiment 
VII) Continuous line = groups I and 2, staphylococcal vaccine , interrupted 
line = group 3, pasteurella vaccine , barred line = group 4, normal controls 

staphylococcus All the rabbits had <0 005 K antileucocidm and 
<0 05 unit a antitoxin per c c except a few m group 3 winch 
had some a antitoxin before immunisation Agglutinin titres 
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less and lasted a shorter time than in the controls All animals 
that had a secondary bactensemia developed abscesses m the 
tissues and even after the blood was sterilised the majority of 
ammals had foci of infection, the kidney being constantly affected 
Complete sterilisation of the tissues was exceptional and it appears 
that the production of antibodies during infection was probably 
dependent upon the persistence of infection in the tissues It is 
evident that the degree of immunity evoked by the staphylococcal 
vaccmes employed was sufficient m most instances to sterilise the 
blood but not the tissues This immunity did not depend upon 
a antitoxin or antileucocidm and was not clearly attributable to 
bacterial antibodies It did however appear to involve a mechanism 
which tended to dimmish the degree of secondary bactensemia 
and to a certain extent it held the progress of the infection m check 
so that death was prevented or delayed If animals survived long 
enough to produce antileucocidm their general condition frequently 
improved from about that time 

Whatever tins mechamsm may be it appears to be susceptible 
to non-specific enhancement Vaccination with a pasteurella 
vaccme induced as high a grade of resistance as specific vaccination 
This was not referable to staphylococcal antibodies for m this 
respect rabbits immunised with pasteurella and controls were alike 

The course of the bacteriEenna was not studied in rabbits 
immunised with pasteurella but the similarity of the survival rate 
among the specifically and non-specifically immunised ammals 
suggests that the mcreased resistance obtained with the staphy- 
lococcus vaccmes was mainly non-specific In so far as lt-operated 
against the bacterial cell it was antibacterial but there is no indication 
that it was specifically antibacterial Possibly the experimental 
procedures may not have been optmial for demonstrating specific 
immunity 

Summary 

Rabbits immunised by mtravenous inoculation of staphylococcus 
vaccme developed some resistance to mtravenous infection with the 
same organism A similar degiee of resistance was produced by 
intravenous inoculation of a vaccme made from an antigemcally un- 
related bacterium The development of antibodies m relation to the 
course of infection and the fate of the bacteria have been analysed 

I am very grateful to Dr F C O Valentine for his liolp in cairymg out 
a large number of antileucocidm titrations 
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Experimental methods 

The virus preparations employed were usually grndocol meiribrane 
filtrates prepared from infected tissues as described by Andrewes and Smith 
(1937) for influenza The filtrates contained 50 per cont buffered broth 
and had a reaction of approximately pH. 7 4-7 6 Dilutions were made m 
broth or saline With vaccinia virus, the supernatant fluid from a veil 
centrifuged 1 pei cent emulsion^ of infected rabbit testis in saline was used 

Five per cent aqueous solutions of chemicallv pure bile salts were 
prepared for stock and stenlisod'^by filtration through gradocol membranes 
From these, solutions of the desucd concentration wore freshly made os 
required, m oither distilled water oi sobne , the reactions always lav between 
pH 7 0 and 7 6 

Yirus-bile salt mixtures were made by mixing equal quantities of 
dilutions of virus filtrate and bilo salt solution Control mocula lmariably 
consisted of portions of the same virus dilutions mixed with distilled water 
or saline Throughout the text and in the tables tho stated concentrations 
of bile salt and virus rofor to the final concentrations piesent m the mixtures 

The virus preparations weie tested by the inoculation of susceptible 
animals by the appropriate route , thus influenza and louping-ill viruses 
were inoculated intranasally under other anaesthesia into groups of young 
mice, vaccinia mtradermally into rabbits, cctromelia mtrapentoneallj into 
mice and Rous sarcoma virus intramuscularly into 5 r oung chicks 

The active bile salts, sodium cleoxj cholate and sodium apocliolate, were 
found to be toxic for mice when given either intranasally or mtrapentoneally, 
so that concentrations greater than 1 500 could not bo injected Even with 
1 1000 dilutions, an occasional mouse died before recovery from anrcstlicsia 
Therefore in experiments involving the use of bile salt solutions, m 
concentrations greater than 1 600 the preparation had to bo dilutod before 
test 

Experiments with vahious pathogenic viruses 

Influenza virus. 

Repeated experiments have shoun that sodium deoxycholate 
and sodium apocholate rapidly destroy considerable amounts of 
influenza virus, the deoxj r cliolate being somewhat more active 
Sodium cholate has a slight viricidal action, sodium dehydrocholate 
none whatever It is perhaps significant that the two active bile 
acids possess in high degree the capacity for forming stable additive 
compounds, and m one experiment it was shown that such an 
additive compound of sodium deoxycholate and stearic acid was 
totally devoid of viricidal power 

The amount of virus inactivated by bile salt was not directly 
proportional to the bile salt concentration Thus a 1 500 dilution 
of sodium deoxycholate usually inactivated fifty times as much 
virus as a 1 1000 dilution 

Table I shows the results of an experiment m which three bile 
salts were tested m parallel 

Speed of virus inactivation An experiment was designed to 
ascertain whether the vincidal action of bile salt was rapid or slow 
Two sets of virus dilutions were made, sodium deoxycholate m a 
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final concentration of 1 1000 being incorporated m the dilutions 
of one set The mixtures were tested at intervals as shown m 
table II It is probable that the virus inactivation was practically 
instantaneous, for a 1 100 dilution of virus contammg bile salt 
produced only a small lesion m one out of three mice, even when the 
inoculation was begun immediately after adding the bile salt, whilst 
the 1 10 dilution of virus produced extensive lesions m all three 
mice even 24 hours after the addition of the sodium deoxycholate 

Attempts to reactivate virus-bile salt mixtures It is well known 
that the inactivation of many viruses by specific immune sera is a 
reversible phenomenon, at least for some considerable time after 
the reagents are mixed It was shown by Andrewes (1928) that 
for vaccinia simple dilution of an inactive serum-virus mixtuie 
sufficed to restore mfectmty Attempts to demonstrate this 
ddution phenomenon with mixtures of influenza virus and sodium 
deoxycholate failed completely 

A further attempt to ascertain whether the virus mactivation 
was irreversible was made by waslung the inactivated virus ovei a 
semipenneable gradocol membrane of pore size small enough to 
hold back influenza virus particles (0 11 p) Ten c c of virus-bile 
salt mixture were placed m the container over the membrane and 
filtration under negative pressure allowed to proceed until 9 cc. 
of filtrate had passed through Nine c c of washing fluid consist- 
ing of 0 5 per cent Witte peptone m phosphate buffer at 8 0 
were then added, and filtration continued untd a further 9 c c 
of fluid had passed the membrane This procedure was repeated 
5 times, when the washed product lying above the membrane was 
collected, made up to the original volume and tested for mfectmty 
A control specimen of virus without bile salt subjected to similar 
manipulation had a titre of 1 10 4 No reactivation of virus was 
obtained with the virus-bile salt mixture 

It is of course possible that a non-mfective form of additive 
compound of virus and bile salt remamed unaffected by the 
repeated washing, but m view of the experiments to be described 
with visible virus-hlte organisms, it is much more likety that the 
virus bodies are completely lysed by the sodium deoxycholate and 
thus irreversibly inactivated 


Loupmg-ill vims 

The virus of loupmg ill is as sensitive to the destructive action 
of sodium deoxycholate as is influenza virus A 1 1000 dilution 
of the bile salt has been repeatedly shown to inactivate completely 
a virus filtrate with a titre of 1 10 3 or 1 10 4 , whilst a 1 2000 
dilution has produced partial inactivation 

This virus, however, is relatively unstable and the potency of a 
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final concentration of 1 1000 being incorporated in the dilutions 
of one set The mixtures were tested at intervals as shown m 
table II It is probable that the virus inactivation was practically 
instantaneous, for a 1 100 dilution of virus contaimng bile salt 
produced only a small lesion m one out of three mice, even when the 
inoculation was begun immediately after adding the bile salt, whilst 
the 1 10 dilution of virus produced extensive lesions in all three 
mice even 24 hours after the addition of the sodium deoxycholate 

Attempts to reactivate virus-bile salt mixtures It is well known 
that the inactivation of many viruses by specific immune sera is a 
reversible phenomenon, at least for some considerable tune after 
the reagents are mixed It was shown by Andrewes (1928) that 
for vaccinia simple dilution of an inactive serum-virus mixture 
sufficed to restore infectivity Attempts to demonstrate this 
ddution phenomenon with mixtures of influenza virus and sodium 
deoxycholate failed completely 

A further attempt to ascertain whether the vrnis inactivation 
was irreversible was made by washing the inactivated virus over a 
semipermeable gradocol membrane of pore size small enough to 
hold back influenza virus particles (0 11 p.) Ten c c of virus-bile 
salt mixture were placed in the container over the membrane and 
filtration under negative pressure allowed to proceed until 9 cc. 
of filtrate had passed through Nine c c of washing fluid consist- 
ing of 0 5 per cent Witte peptone in phosphate buffer at p~B. 8 0 
were then added, and filtration continued untd a further 9 cc 
of fluid had passed the membrane This procedure was repeated 
5 times, when the washed product lying above the membrane was 
collected made up to the origmal volume and tested for infectivity 
A control specimen of virus without bile salt subjected to similar 
manipulation had a titre of 1 10 4 No reactivation of virus was 
obtained with the virus-bile salt mixture 

It is of course possible that a non-mfective form of additive 
compound of virus and bile salt remained unaffected by the 
repeated washing, but m view of the experiments to be described 
with visible virus -lilie organisms, it is much more likely that the 
virus bodies are completely lysed by the sodium deoxycholate and 
thus irreversibly inactivated 


Louping-ill virus 

The virus of louping ill is as sensitive to the destructive action 
of sodium deoxycholate as is influenza virus A 1 1000 dilution 
of the bile salt has been repeatedly shown to mactivate completely 
a virus filtrate with a titre of 1 10 3 or 1 10 4 , whilst a 1 2000 
dilution has produced partial inactivation 

This virus, however, is relatively unstable and the potency of a 
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accepted that the bile solubility of pneumococci is merely the 
acceleration of the autolysis which occurs in old* cultures (Mair, 
1929), brought about by an autolytic ferment of the bactenal cell 
If pneumococci are heated to 56° C for 30 minutes they become 
completely resistant to the action of bile salt, presumably because 
the autolysm is thermolabile and has been completely destroyed 
If such heated organisms are resuspended m an unheated culture, 
they regain their bile solubility 

It is possible that virus inactivation by bile salts is also 
dependent upon the presence of autolytic ferment, and it may be 
significant that those viruses which are susceptible dechne m 
infectivity more qmckly when kept either m cold storage or at 
37° C than the bile-resistant viruses of vaccinia and ectroineka 
The visible organisms of pleuropneumonia and sewage, however, 
do not behave like pneumococci m certam respects I have never 
seen spontaneous lysis m cultures even when kept for some tune 
after all the organisms had died Also the ageing of cultures, 
instead of mcreasing bile solubility as m the case of pneumococci, 
decreases it so that it may be impossible to obtain complete dealing 
of an old culture even with a 1 100 concentration of sodium 
deoxycholate This is due to some change m the organisms them- 
selves, not m the medium, because v ashed suspensions likewise 
exhibit bile resistance The old cultures or suspensions prepared 
therefrom show a shght diminution of opacity on the addition of 
bile salt and it was thought at first that this might be due to the 
development of bile-resistant mutants on long incubation so that 
the culture consisted of a mixture of bile-soluble and bile-resistant 
umts That this interpretation is incorrect is shown by the fact 
that young cultures, heated to 56° C for 30 minutes, exhibit the 
same phenomenon , the addition of 1 1000 sodium deoxycholate 
causes a shght diminution of opacity, but the addition of further 
bile salt up to a concentration of 1 100 produces no further 
clearing The reason for this shght clearing effect is unknown 

An experiment was made to see whether living bile-susceptible 
-organisms could transmit their susceptibility to bile-resistant 
heated organisms A Tildes 1 broth culture of sewage organism A 
was divided into two parts, one being heated at 56° C for 30 minutes, 
the other left untreated Washed suspensions m sahne vere 
prepared from each The addition of one-tenth volume of 1 per cent 
sodium deoxycholate to samples caused shght diminution of the 
■opacity of the heat-lulled suspension, and complete clearing of the 
unheated suspension, although tlus latter was purposely made 
considerably denser than the former Heated suspension was now 
mixed with an equal volume of original culture and the mixture 
left for 1 hour The addition of bile salt resulted in a product which 
iad exactly the same opacity as a control mixture of heated 
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ImMUN OLOGICAL EXPERIMENTS WITH BILE-INACTIVATED VIRUSES 

The most obvious practical apphcation of the phenomenon of 
bile solubility of viruses is the use of lysed products for immunological 
investigations So far very few investigations of this kind have been 
made and none have yielded encouraging results 

An antigen was made by gnndmg influenzal mouse lungs m a 
1 1000 dilution of sodium deoxycholate to make a 5 per cent 
suspension of the tissue Tlus was first clarified by filtration 
through asbestos pulp and then passed through a 0 79 p. gradocol 
membrane The final product was not completely inactivated — it 
contained roughly one hundredth as much hvmg virus as the 
stock influenza virus filtrates prepared in the same way but without 
the addition of bile salt It was used to immunis e a group of mice 
by giving one subcutaneous dose of 0 25 c c and an intrapentoneal 
•dose of 0 5 c c 2 weeks later The mice when tested later by 
intranasal instillation of virus under ether anaesthesia showed the 
same degree of resistance as would have been expected if a 1 100 
dilution of untreated virus filtrate had been employed as antigen 
When the bile salts were removed by precipitation at pH 5 0, the 
resultmg supernatant fluid proved to be a still worse immunising 
agent The toxicity of the sodium deoxycholate makes its removal 
desirable from any preparation intended as a vaccine, and possibly 
precipitation with acid, in which a bulky gelatinous precipitate 
forms, is unsatisfactory because of the large adsorbmg surface 
produced It is intended to investigate the activity of products 
m which bile salt has been removed by dialysis 

Similar lysed preparations have been used m attempts to 
demonstrate a precipitation reaction with specific immune seia 
Both ferret and mouse influenza lung filtrates have been employed 
When mixtures of the antigen and antiserum have been incubated 
in a water-bath at 37° C no specific precipitation has occurred, 
even after 24 hours’ contact, but with ting tests m which the lysed 
antigens were layered over the surface of sera, some slight evidence 
of specific reaction was obtamed Both immune and normal sera 
gave distinctly visible rings at the interface, but those with immune 
sera were very much more pronounced and appeared very much 
more rapidly Attempts are now being made to prepare stronger 
antigens by grinding infected tissues in much more concentrated 
solutions of bile salt and then removing the latter either by acid 
precipitation or by diatysis 

Commentary 

The work outlined above has shown that some viruses aie 
idly mactivated by certain bile salts, probably with lysis of 
virus bodies, whilst other viruses remam completely unaffected 
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3. The susceptibility of a virus to bile salts is not related to its 
size. 

4 The process of bile salt lysis can be observed both macro- 
scopically and microscopically with the cultivable virus-hlte 
organism of pleuropneumonia and the sewage oigamsms of Laidlaw 
and Elford 

5 Attempts to use lysed virus pieparations for prophylactic 
immunisation have so far not been encouraging 

I am greatly mdobtocl to Dr 0 Rosenhoim, who suppliod all the bilo 
salt preparations used throughout this investigation 
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and (c) 10 c c of nutrient agar at 50° C •which was poured into a 
plate When dealing with anaerobic streptococci, hver broth 
containing hquoid and, as a control, hver broth containing 5 per cent, 
trypsm were used The amount of growth was estimated by the 
opacity after 24 hours’ incubation (48 and 96 hours with anaerobic 
streptococci) and at the same time subcultures to blood agar plates 
were made to verify the result and to exclude contamination 

Abolition of the bactericidal power of the blood The method 
previously described in detail (Hoare, 1938) for bactericidal tests on 
the blood was used 

Discussion 

Table I shows the results obtamed with haemolytic streptococci 
(groups A, B, C and G), Bad coli and Staphylococcus aureus The 
hquoid prevented the formation of any blood clot, and satisfactory 
growth was obtamed from small numbers of implanted organisms 

Table I 


Effect of hquoid in culture media on the gioiUh of tarious 
organisms from artificially infected blood 


Test organism 

Number 
of bacteria 
Inoculated 

Growth In 
glucose 
broth + 
Hquoid 

Gronth in 
Jher 
broth + 
Hquoid 

Lfquold 
(per cent ) 

Hsemolytic streptococcus group A 

36 

+ + + + 

+ + + + 

0 03 


6 

+ + + 

+ + + 


Hsemolytic streptococcus group B 

72 

+ + + + 

+ + + + 

0 03 


6 

+ + + + 

+ + + + 


Haemolytic streptococcus group C 

20 

+ + + 

+++ 

0 03 


3 

± 

+ + 




+ +48 hrs 



Bact coli 

100 

+ + + 

+ + + 

0 03 


12 

+ + + 

+ + + 


Hsemolytic streptococcus group A 

70 

+ + + + 

+ + + + 

02 


9 

+ + + + 

+ + + + 


Hsemolytic streptococcus group B 

20 

+ + + + 

+ + + + 

02 



+48 hrs 

+48 hrs 


Hsemolytic streptococcus group C 

30 

+ + + + 

+ + + + 

02 


4 

+ + + + 

+ + + + 


Hsemolytic streptococcus group G 

32 

+ + + + 

+ + + + 

02 


5 

+ + + + 

-1 — b + + 


Bact coli 

87 

+ + + + 

+ + + + 

02 


10 

+ + + + 

+ + + + 


Staphylococcus aureus 

81 

+ + + 

+ + 

0 2 


11 

+ + + 

+ + 



4- to -j — I — 1 — f- = varying amount of growth after 24 hours’ incubation 
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These results show that hquoid, although quite suitable for 
most organisms, is unsuitable for use m culture media for the 
isolation of anaerobic streptococci from the blood Unless suitable 
methods of anaerobic cultivation are employed the presence of 
anaerobic streptococci will frequently be overlooked In addition 
to being isolated from the blood in puerperal septicaemia 
(Schottmuller, 1910, 1924 , Bingold, 1921 , Lehmann, 1926 , 
Schwarz and Dieckmann, 1926, 1927 , Colebrook, 1930 ; Brown, 
1930) anaerobic streptococci have been found in the blood in cases 
of putrid empyema (Fisher and Abemethy, 1934) Apart from 
lesions such as lung abscess, empyema, endocarditis and peritonitis 
secondary to puerperal pelvic infection, anaerobic streptococci 
have been found in various gangrenous lesions m the lungs and 
pleura (Davis and Pilot, 1922 , Lambert and Miller, 1924 , Eggers, 
1926 ; Cohen, 1932 , hasher and Abemethy, 1934), in infection of 
the urinary tract, otitis media and mastoiditis (Rist, 1905), m 
tonsillar and alveolar abscesses (Lehmann) and m hepatic abscess 
(Fisher and Abemethy). In certain of these reported cases true 
obligatory anaerobic streptococci were isolated, but m others the 
strams were anaerobic by predilection only Suitable medium for 
the isolation of anaerobic streptococci from the blood is either 
Martin’s meat medium under a paraffin seal, or a hver digest broth 
(Colebrook and Hare, 1933) containing 5 per cent trypsin 


Conclusions 

Liquoid, like trypsin, abolishes the bactericidal power of normal 
blood and does not interfere with the cultivation of most of the 
common pathogenic bactena, even when these are present m very 
small numbers The presence of hquoid, however, was definitely 
unfavourable to the growth of anaerobic streptococci (5 strams), 
and since these organisms are frequently present in the blood m 
puerperal fever — and less frequently m other conditions — the 
routine employment of hquoid for blood cultuies is not to be 
recommended 

Stenie trypsin, prepared by Messrs Fairchild and now being 
supphed again by Messrs Burroughs Wellcome under the name 
“ Solution of trypsin,” has no such inhibitory effect 
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such localisation about the infected pair is exceptional In most 
cases the disease becomes progressive, with “metastasis” to the 
tibio-taisal joint of the other lund paw, which begins to swell, 
until eventually both paws may attain double or three times the 
nonnal diameter (figs 1-4) In the joints themselves there is at 
tlus stage a gi eater or lesser quantity of fluid which is usually 
bactenologically stenle, but which, nevertheless, is very infective. 
Occasionally suppuration has occurred, but m such cases it may 
be mfened that tlieie has been secondary infection When this 
condition pievails the polyartlmtic process usually ceases A 
numbei of the animals die, whilst others slowly recovei, even 
though the swollen parts may not return to the normal size In 
some rats the carpo-metacarpal, metacarpo-phalangeal and even 
the mtei phalangeal joints of the tiro front legs also become affected, 
and in veiy rare instances a thickening of the caudal vertebras is 
obseived The coat becomes rough, and the rat moves about 
lather clumsily on account of its deformed paws Micioscopically 
no changes are seen in the internal oigans Occasionally one may 
find a small quantity of pencardial fluid or a quantity (up to 1 5 c c ) 
of watery exudate m the pleuial sacs, containing very few cells 
Even moie raiely there is some peritoneal exudate In none of 
these exudates, however, are bacteria to be found, microscopically 
or culturally (see below’) The changes developing m the joints 
and spreading into the bony substance are lllustiated m the 
accompanying X-iay photographs taken through the courtesy of 
Piofessor van dei Plaats (figs 2 and 3) 

The disease maj^ be tiansnutted bj r various routes as shown 
m table I Thus it will be seen that out of 277 rats injected 


Table I. 

Susceptibility of white tats to infectious polyarthritis 


i Mode of infection 

Number 

Inoculated 

+ 

- 

1 r 

1 Plantar 

277 

270 

7 

! Scarification 

15 

15 

0 

Subcutaneous 

8 

o 

3 

| Intrapentoneal 

9 

4 

5 


subcutaneously m the planta, 270 contracted the disease Similar 
results are obtained when mfectious material is rubbed into the 
scarified paw After mtrapentoneal injection of 9 rats, 4 contracted 
the disease and showed, besides the usual local polyarthritis, 
changes m the distal extremities and very marked pencardial and 
pleural exudation Healthy rats, even though scarified, kept 
for a period of months in the same cages as diseased rats did not 
become infected 
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(1931) The former claims that the aetiological agent of arthntis 
m mice is a coccobacillus, while the latter investigators have 
isolated a corynebacterium -which they regard as the cause The 
results of our own experiments may be given here m some detail 

Rat 219 c Plantar infection induced on 2nd Apnl 1938 On lltli May 
both lnnd and fore legs showed sovero swelling Heart blood, pleural 
exudate, liver, spleen, brain and synovial fluid from loft foro paw and left 
lund paw wore inoculated on ascitic agar, Lofflor’s serum and blood agar 
The material from each source was streaked separately on two plates, one of 
which was cultivated aerobically, tho other anaerobically The anaerobic 
plates romamod entirely negative, ns did tho aerobic plates of ascitic agnr 
and Loffler’s serum On the blood agar plates inoculated with heart blood 
minute colonies of non-ha;molytic stroptococci grow 

Parallel with tho baotoriological tests a portion of tho samo material was 
inoculated also into tho plantar region of tlireo healthy rats in each instance 
In this oxpenmont it was found that tho rats injected with blood and brain 
substance remnmed healthy, whereas thoso injected with ploural exudate, 
liver, spleen and material from the joints contracted the disease 

Rat 201 a. Injected in tho plantar region on 26th Apnl Poity-fo to- 
days later both hmd paws were greatly swollen and tho two front paws 
to a less extent. Heart blood, ploural exudate, liver, loft hmd and front 
paws were cultured aerobically on blood agar, ascitic agar and Loffior 
plates Except for some contaminants no growth was obsorved aerobically 
m five days Rats injected with material from tho joints and blood becamo 
infected but not those inoculated with material from tho liver or with the 
pleural exudato 

Rat 189 a Injocted in tho plantar region on 25th April On Stli Juno 

both hmd paws and one front paw had become greatly swollen, tho romaming 

front paw less so Heart blood, pleural exudate, hver, right front and left 
hmd paws were streaked on blood agar, ascitie agar and Loffler plates and 
inoculated aerobically Except for a few contaminants the results weie 
negative All tho material oxcopt tho blood producod infection 

Rat 219 d Injectod m tho plantar region on 2nd April On 8th Juno 
*11 four paws were much swollen Heart blood, ploural exudate, livei, 
right hind paw and a pus-hko liquid from the right front paw wore stienlsed 
■on plates of blood agar, ascitic agar and Loffler All plates remained storilo 
•except that from tho hmd paw, whero non-liasmolytio streptococci developed 
All material inoculated into rats in tho planta caused polyarthritis 

Rat 219 e Injocted in tho planta on 2nd April On 8tli June all foiu 
paws were greatly swollen Heart blood, ploural exudate, hver, right lund 
paw and left front paw inoculated as above All plates, except foi a Loffler 
plate with contaminants, remained sterile All the material inoculated 
into rats produced symptoms of polyarthritis 

Summarising our experience with these rats it maj r be stated 
that m no instance was it possible to cultivate a micro-organism 
that might be considered specific for the disease Except for the 
plates with the non-haemolytic streptococci only a few contaminants 
were observed and these were clearly recognised as such In 
contrast the same material was usually distinctly pathogenic for 
rats when injected 

The only germs which might possibly have ongmated from the 
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(1931) The former claims that the tetiological agent of artlmtis 
m mice is a coccobacillus, ■while the latter investigators have 
isolated a corynebactermm which they regard as the cause The 
results of our own experiments may be given here m some detail 


Bat 219 c Plantar infection induced on 2nd April 1938 OnllthMaj 
both hind and fore legs showed severe swelling Heart blood, pleural 
exudate, hver, spleen, brain and synovial fluid from left foro paw and left 
lund paw wore inoculated on ascitic agar, Loffier’s serum and blood agar 
The material from each source was streaked separately on two plates, one of 
which was cultivated aerobically, the other anaerobically. Tho anaerobic 
plates remamed entirely negativo, as did tho aerobic plates of ascitic agar 
and Loffler’s serum On the blood agar plates inoculated with heart blood 
minute colomes of non-haimolytic streptococci grew 

Parallel with the bacteriological tests a portion of the same material was 
inoculated also into tho plantar region of tlireo healthy rats m each instance 
In this oxpenment it was found that the rats injected with blood and brain 
substance remamed healthy, whereas those injected with pleural exudate, 
liver, spleen and material from tho joints contracted the disease 

Hat 201 a. Injected m the plantar region on 25tli April Forty-four 
days later both hind paws were greatly swollen and the two front paws 
to a less extent Hoart blood, pleural oxudate, hver, left hind and front 
paws were cultured aerobically on blood agar, ascitic agar and Lofflm 
plates Except for somo contaminants no growth was observed aerobicallv 
in five days Rats injected with material from the joints and blood became 
infected but not those inoculated with material from the li\ er or with the 


pleural exudate 

Rat 189 a Injected in the plantar region on 25th April On 8tli June 
both hmd paws and one front paw had become greatly swollen, the remaining 
front paw less so Heart blood, pleural exudate, hver, right front and left 
hmd paws were streaked on blood agar, ascitic agar and Loffler plates and 
inoculated aerobically Except for a few contaminants the results were 


negative All the material except the blood produced infection 

Rat 219 d Injectod in the plantar region on 2nd April On 8tli June 
all four paws were much swollen Heart blood, pleural exudate, liver, 
right hmd paw and a pus-like liquid from tho right front paw were streaked 
on plates of blood agar, ascitic agar and Loffler All plates remamed sterile 
■except that from the hmd paw, where non-hremolytic streptococci developed 
All material inoculated into rats in the planta caused polyarthritis 

Rat 219 e Injected in the planta on 2nd April On 8th June all four 
paws were greatly swollen Heart blood, pleural exudate, hver, right lund 
paw and left front paw inoculated as above All plates, except for a LSffler 
plate with contaminants, remamed sterile All the material inoculate 


into rats produced symptoms of polyarthritis 


Summarising our experience with these rats it may he stated 
■that m no instance was it possible to cultivate a micro-organism 
that might be considered specific for the disease Except for the 
plates with the non-hsemolytic streptococci only a few contaminants 
-were observed and these were clearly recognised as such In 
contrast the same material was usually distinctly pathogenic for 
.rats when injected 

The only germs which might possibly have ongmated from the 
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It must be particularly omphasisod that the agent of polyarthritis m rats 
exhibits a very distinct tropism towards the joints, and this is to be observed 
also with subcutaneous, pulmonary, mtraperitoncal and other methods of 
infection In G arthritidis muris wo have a micro-organism which is patho- 
genic for various rodents but winch produces abscesses and pus only when 
inoculated into the joint Other corynebactoria pathogenic for rodents havo 
previously been described by Levy and Fickler (1900), Klein (1902-03) and 
Borgey (1904) 

The, presence of the agent m the organs. 

To determme the distribution of the causative agent of poly- 
arthritis of rats portions of the organs of infected anunals were 
ground m mortars and inoculated into white rats and field rats 
In table III the second column indicates the duration of the 
infection in the rat from winch the various organs and fluids were 
taken and the third the clinical picture m this rat as it Mas on 
the day of inoculation It mil be seen that the inoculation of 
joint material into white rats lvas positive m all 12 cases In 0 
the agent could be demonstrated in the blood, m 2 m the brain, m 
4 m the lungs, in 3 m the pleural exudate and in 5 m the liver 
In one instance the peritoneal exudate gave a positive result 


Table III 

Transference of infection to white rats with organ emulsions 
and body fluids of infected white rats 


Xo 

Intenal 

since 

Infection 

(dajs) 

State of Infected rat from 
-nhicli organs Here obtained 

Results of Injection of 

Joint 

extract 

blood 

brain 

lungs 

plenitd 

exudate 

lhcr 

peritoneal 

exudate 

i 

31 

Both hind paws positive 


+ 


_ 


+ 


2 

40 

All paws positive 

+ 

— 

— 


+ 

+ 


3 

45 

ft ft 

+ 

+ 



— 



4 

46 

*t »» 

+ 



+ 


+ 


5 

47 

»> l» 

+ 

+ 

+ 


+ 

+ 

+ 

6 

47 

Both hind paws positive 

+ 

+ 



+ 


7 

47 

Sf ft ft 

+ 

-L. 


— 


' 


8 

48 

ft ft ft 

+ 

— 

— 

+ 


— * 


9 

48 

»» ft ft 

+ 

+ 

— 

— 


— 


10 

48 

Ona hind pan positn e 

+ 

— 

— 

4" 


— 


11 

48 

» » ft 

+ 

— 

4- 

+ 


+ 


12 

48 

Became negative 

+ 








The organs of 8 infected white lats were also inoculated into 
field rats, with similar results except that m one instance the 
inoculation of the substance of the diseased joints and of other 
organs failed to cause infection (table IV) 

These experiments indicate that m the polyarthritis of rats the 
agent is not confined to the diseased joints It is to' be found m 
the blood, lungs, pleural exudate, liver, spleen and peritoneal 
exudate In the brain it has been found rarely , in one instance 
it was present there though absent from the blood The blood itself 
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whether the agent persisted in the reinfected xats and, on the other, 
the small number of animals available made it impossible to carry 
out quantitative expeiiments Consequently the question must 
remain undecided whether we are dealing here with a reinfection 
or with a super-infection 

A somewhat larger number of white rats were at our disposal m 
which the disease had been confined to one hind leg or m which 
at least one of the hind paws, after having swelled up, had resumed 
its normal aspect and could be used for reinfection Here, therefore, 
we had to deal with rats still exlnbitmg evidence of the disease, 
but it remains an ojien question whethei the host still contained 
the infecting agent or whether the symptoms in the joints simply 
persisted In all, 59 such lats were lemoculated, the mterval 
between injections vaiying from 35 to 124 days Only 3 rats 
reacted positively , the remaining 56 proved to be immune 

Furthermore there u eie 116 field rats from different series m 
■which no symptoms followed the first inoculation, although other 
rats of the corresponding series contracted the disease. The results 
are shown m table V 


Table V 

Result of the remoculation of field rats which lemamed negative 


after the first inoculation (latent infection) 



Interval 

(dass) 

lte«ult of rcinocultttion 

Mode of infection 

Ao 





runnculntcd 



Scarification 

35 

2 

1 

1 


49 

14 

14 

0 

Plantar 

26 

1 

0 

1 

t 

3G 

3 

2 

1 


37 

5 

1 

4 

r* 

43 

4 

0 

4 

ft 

45 

11 

7 

4 

Subcutaneous 

35 

20 

10 

10 

ft 

49 

15 

9 

6 

Intrapentoneal 

35 

24 

2 

22 

ft 

49 

7 

0 

7 

Pleural 

35 

10 

0 

10 


If one does not take into consideration the results obtained 
with the scarified rats, reinfection of which succeeded m 15 out ot 
16, it is found that in all the other series there is a very considerable 
percentage of immune mdividuals Out of 24 which had been 
inoculated previously by the plantar route 14 remained immune , 
out of 35 previously inoculated subcutaneously 16 remaine 
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father and son, aged 53 and 19 Almost no normal dentine was found, there 
being a great lack of Tomes’ fibrils , the pulp was replaced by pulp-stones 
and there were very numerous stiuctural defects which are clearly the same 
as the “ canals ” of Nnito Ho noted also the ease with which the enamel 
became separated from the dentine 

Bergersen (1929-30) examined the mandible of a child who died m his 
tlurd yeai The incisors were small but of good stmctme, especially m the 
outer layers of tlio dentine , they showed minor changes m the pulp and 
odontoblast layer and tho inclusion of cells in the normally cell-free cementum 
The first deciduous molai was more disturbed, showing patchy staining, 
lamination of the dentine and unequal calcification, but Tomes’ fibrils were 
present m almost normal numbers The canine had a tlun good outer laver 
but otherwise was very unequally calcified and contained but few Tomes’ 
fibnls The odontoblasts wero least affected tow’ards the root end Tho 
pulp resembled ordinary connective tissue He drew attention to the 
resemblance to the teeth of scorbutic animals In the permanent lateral 
mcisoi and camno tooth germs ho observed degenerative changes m the 
enamel oigan 

Becks (1931) reported on tho condition of the teeth of a full-term foetus 
described by Weber in 1930 He found that m an incisor tooth the dentine 
was sharply divided into two layers The outer layer contained Tomes’ 
fibnls and was less defective than the inner, which resembled the tissue 
described by Bauer Von Korff’s fibres were not formed except in the 
younger parts at tho root end of the germ, and only there were almost normal 
odontoblasts with Tomes’ fibrils present The dentine of tho canine and 
molar germs resembled the outer layer in the incisor 

Pfluger (1932) referred to a tooth germ m which the peripheral dentine 
only was almost normal 

Fleming, Radascli and Williams (1937) cxammed a tooth from a child 
The dentinal tubules wore irregular m course, shape, and distribution 

The frequency of macroscopic dental defects m osteogenesis imperfecta 
is not known, since even m the limited number of cases in which the condition 
of the teeth has been recorded, it is not clear whethei tho record refers to all 
teeth or to which Where thev ha\ e not seemed normal tho terms applied 
lary fiom brown or grey-browm (Preiswcrk, 1912, p 46, first description) to 
yellow and translucent or even transparent (Sprawson, 1931) In Adloff’s 
cases tho permanent teeth were deficient in enamel and brown (though not 
decayed) as regards the crowns, but the roots were translucent Thoma (1936) 
has noted that the roots are usually short Mr HAT Fairbank, who has 
examined some thirty cases, informs mo that judging by naked-eye appear- 
ances the permanent teeth are commonly less affected than the deciduous, 
even m so-called post-natal cases 

Material 

The teeth studied were an upper permanent central incisor 
tooth, two upper molars thought to be the second, and an upper 
third molar They were removed from a dwarfed crippled woman 
about 30 years of age who attended as an out-patient at the dental 
department of Guy’s Hospital The teeth were preserved for me 
on account of their peculiar pinkish colour, and as the patient 
could not afterwards be traced it was impossible to obtain details 
of her history beyond the bare facts that she had had numerous 
fractures of the bones and had been treated for years as a case of 
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are piesent at the periphery of the whole tooth, though differing 
httle m refractive index from the matrix and thus remaining scarcely 
visible The deep layers of the dentine contain large numbers 
of cells’ with coarse irregular canahcuh or are hyaline The dentine 
also contains many concentrically laminated pulp stones (fig 1). 
There were no typical interglobular spaces to be seen 

Decalcified sections 

The teeth became decalcified moie quickly than normal teeth 

1 The anterior upper molar. 

The Tomes' fibrils The Tomes’ fibrils at the extreme penplieiy 
of the dentine alone appear normal (fig 3), and this m all parts 
of the tooth, so that whatever factor caused the abnormality of the 
rest of the dentine was related rather to the age of the odontoblasts 
than to the age of the patient The layer containing normal 
Tomes’ fibrils is under in the roots than in the crown, where it is m 
places extremely tlnn 

Central 'to the zone of normal dentine hes a zone where the 
tubules are interrupted by areas without tubules These areas have 
a sharp border, convex towards the outside of the tooth (fig 3). 
and at then middle an imcalcified or partly calcified structure 
extending m the dnection of the pulp (the “ canals ”). More 
central still is a zone in winch these structures become more 
numeious and normal tubules are scarce The ongmal tubules 
do not reach the neighbourhood of the pulp, most of which lias 
been replaced by calcified tissue containing m parts great numbers 
of cells with lriegular tubular processes, but a httle pulp tissue 
remains m the roots Incorporated in the dentine are many large 
and small spherical calcified masses, some of which contam tubules 
at their centre, but which are otherwise without tubules and are 
concentrically laminated They represent free formations ansmg 
m the pulp of the growing tooth and afterwards surrounded by the 
advancing dentine There is an abnormal variation m the size of 
the tubules, and one or two end in a bulbous expansion m the 
middle of the dentme which probably represents an included 
odontoblast 

The dentinal matrix The matrix at the extreme periphery of 
the dentine does not appear abnormal, though this layer is very 
thin m parts on the top of the crown In the immediate neighbour- 
hood of the commencement of the “ canals ” it stains a homo- 
geneous yellowish pink or red (similar to pre-dentme) in lisematoxykn 
and eosm or van Gieson preparations, indicating poorly calcified 
collagen This relationship is maintained throughout the course 
of these structures towards the pulp , so that m a cross section 
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tho more normal dentine at the periphery. In the rest of the 
dentine the usual ring markings are very rare and mtcrglobulnr 
spaces absent Tho depth of staining with hicinaloxylin is no 
reliable guide to tlic degree of calcification m these specimens, since 
this depth is n Heeled also by the collagen content 

The “ canal* ” Jflxninination of the peripheral end (or rather 
beginning) ol the “ canals ” shows that, at the time they started, 
the foi mation of a group ol Tomes’ fibrils ceased abruptly and that 
tho matuv m this legion tei minuted in a cuivcd border equally 
suddenly but somewhat jnoMinally (fig 7 ). Tho direction of 
lamination ol the suriounding dentinal matuv shows ulso that 
matrix formation lagged in this neigh boui hood (tig. G) 

In ground sections the commencement of tho “ canal ” often 
appeals as a clear tubular loop, the shaft 11101c frequently ns a 
connected senes of 11 regular elements nirnuged in a column (fig. 2 ) 
The contents have undoubtedly become partly calcified, and 
though judging by Juumnlovyhn staining the calcification scorns 
poor it docs not appeal so m a ground section. In hcemaloxylm 
and cosm-staincd sections tho “ canals ” appear, where cut tinns- 
vorscly, as wide faint blue tubes, either empty or containing smaller 
hollow elements 01 umccogmsnhlo material In longitudmul section 
their commcncomont often contains a largo tubular loop convex 
towaids the pouphory of the dentine (fig 8 ), and they usually 
include pot lions of huge tubes m various pints of then course. 
Tho contained tissue has, however, been out off from all sources of 
nourishment for a long tune and it stains in a ghostly manner 
The appeal mice m these sections strongly suggests that the 
“ canals ” Jouneily contained capillary loops 

Ci oss sections o 1 the “ canals ” stained by Oibnn’s method 
appear as cleat cuclcs sui rounded by almost homogeneous col- 
lagenous liiati i\ and containing a group of transversely cut coarse 
collagen fillies ai tanged just within tho limit of tho “canal,” like 
a stockade or inogulaily In longitudinal sections those same 
bines aic seen, sometimes of gicat length, uith portions of wide 
tubes among them (fig G) 

The, pulp Tho lemnnnts of the pulp aro very small. There is 
no odontoblast layer oi normal pic-dontinc zone, but m their place 
me numerous huge collagen bundles ananged at right angles to 
the inner surface of tho dentine, and fibies from these enn bo traced 
into tho calcifiod tissue and pulp (fig 9 ) Tho airangomont is, of 
couise, not peculiar to this diseaso, and loscmblcs that found whoie 
comentum is being hud down In addition to tho collagen bundles 
thcio is a mesh of finer argyioplul fibres, each, howovor, much 
thicker than normal von Korll’s fibres From theso various 
bundles, no doubt, was founed tho matrix of tho calcified tissue 
which occupies most ol the forinci pulp cavity ’The pulp contains 
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Fig 4 — Decalcified eection of root of anterior molar The Tomes’ fibrils at the 
periphery are cut obliquely, those few in tho centre trans\ersely Numerous 
vascular “ canals ” are seen in cross section surrounded by pale zones of 
collagenous matrut which are separated by dark areas lacking in collagen A 
thick covering of cementum is shown Ficro-tluomn X 60 

Fig 6 — From a section of the same molar showing the dentinal matrix just beneath 
the good dentme The peripheral end of a vascular “ canal ” is in the centre 
and portions of others are to left and right These are surrounded by col- 
lagenous matrix (uniformly dark) and contam coarse longitudinal collagen fibres 
and largo tubular elements The rest of tho matrix is largely argyroplnl and 
m parts (light) lacking m fibres of any kind A horizontal lme of lamination 
shows a festoonmg effect indicating retarded matrix formation m the neighbour- 
hood of the mcluded capillaty The Tomes’ fibnls are unstained and may be 
seen here and there as very fine lertical white hues A section of a normal 
tooth stained by tins method would show them in great numbers on a uniform 
dark ground Orban’s stain X 160 

Fig. 6 — Section from middle of crown of same tooth, Bhowmg the tangential 
arrangement of argyrophil fibres about the unstained transversely out dentinal 
tubules, similar to the normal arrangement m pre-dentine The matrix at the 
upper right comer is collagenous Orban’s stain X 7S0 
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m experimental rickets But m both rickets and tetama para- 
thyreopnva the dentine is not lackmg m Tomes’ fibrils or collagen 

The occasional occurrence of isolated capillaries in the dentme 
of man is well recognised, but such an extensive and relatively 
orderly vascularity as that here described has, I beheve, only 
once been recorded, namely by John Tomes (1848), as Sirs Lindsay 
has kindly pointed out to me He wrote “ Recently I have met 
with a specimen m which the dentme, both of the crown and fangs 
of a molar tooth of the lower jaw, is traversed by numerous canals, 
which form loops directed either towards the coronal surface, or 
that of the fangs 

“These are evidently, both from their size and arrangement, 
the vessel of the pulp calcified They are obliterated at parts, 
and do not look as though blood had recently circulated through 
them ’ 

It has been shown that in my specimens there is evidence that a 
whole group of odontoblasts immediately distal to the capillary 
loop ceased to function shortly before the loop began to be included 
in the dentinal matrix , and it seems certain that a determining 
factor m the inclusion of the vessels is cessation or retardation of 
matrix formation at one point compared with the rate of formation 
m the neighbourhood Various studies, such as those of Westm 
on human scurvy and of Pohto (1938) on vitamin A deficiency m 
rats, support this view This consideration may explam the ranty 
of vascular dentme m foetal cases of osteogenesis imperfecta, where 
usually all odontoblasts of the same age are equally impaiied 

Increased vascularity of the pulp, which has been commonly 
observed in the foetal cases, may determine the vascular nature of 
the included tissue 


The odontoblasts and Tomes' fibrils 

It is clear that m many cases of the disease where the teeth 
are severely affected the odontoblasts are normally differentiated, 
maintain at first their epithelium -like order and produce for a 
while normal Tomes’ fibrils, and this at a time when older odonto- 
blasts are already suffering extreme disability As they grow older 
the odontoblasts become incapacitated, either gradually and a 
few at a time as described above, or all of about the same age 
together as in many of the foetal cases Similar events occur in 
scurvy and hereditary opalescent dentme 

Scutvy In both osteogenesis imperfecta and scurvy the 
formation of Tomes’ fibrils stops, matrix formation continues 
except m “ complete scurvy ” (Wolbach and Howe, 1926) and is 
defective m collagen (Hojer and Westm, 1924), pulp-stones are 
formed and the older odontoblasts at the crown end of the 
forming tooth are affected before the younger ones at the root end 
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Fro 7 — Section from crown of same tooth The upper part shown the more normal 
dentine at the periphery, the surface of which has been worn away during life 
The Tomes’ fibrils (dark) cease abruptly at a sharp line, or contmue, diminishing 
m number and becoming very scarce near the bottom of the figure In the 
centre is the commencement of a vascular “ canal ” separated by a sharp 
boundary from the surrounding collagenous matrix (light) tho dark streaks 
within it are not Tomes’ fibrils Tho ill defined dark areas to left and right and 
the spidery markings are regions where tho matrix is lacking in collagen Picro- 
thiomn x 1G0 

Fig 8 — Section from same tooth, showing tubular loop at tho peripheral end of a 
vascular “ canal ” The lighter, trunk-Iike area at the bottom left comer 
is a zone lacking m collagen and accidentally defined by Blight crumpling 
Hrematoxylin and eosin x 340 

Fro 9 — Periphery of pulp m anterior molar root, showing arrangement of collagen 
bundles perpendicular to pulp wall (right), dense masses of collagen m the pulp 
(left), and the distribution of collagen fibres m the recently formed calcified 
tissue Orban’s stain X 180 
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of a foetal ease a normal amount of mtercellular substance was only 
present around the blood vessels offers some corroboration It 
may also have been able to become collagenous because it remained 
long uncalcified, for it is a common observation that where 
capillaries are included in human dentine the surrounding matrix 
does not calcify to any great extent 01 only after much delaj T 

The absorption of collagen around the pulp of the thvd molar 
The fact that the carious process m the crown of the tooth had 
reached the coronal part of the pulp cavity makes it impossible 
to say with certainty that the absorption of the hard tissue around 
the walls of the pulp cavity and within it was unconnected with 
the infection This maj', however, have been the case since a 
similar absorption was found by Westin m cases of early healing 
scurvy, and it is possible that here also it may repiescnt an early 
healing change 

Cementing substance 

Another component of normal dentinal matrix v Inch must be 
mentioned is the so-called cementing substance Tlus has not been 
clearly defined but is understood to be that substance which lies 
between the fibrils of the matrix, winch renders invisible the 
primitive fibrillar stiucture of the matrix and m connection with 
which the calcium salts are normally deposited 

In the sections here described the argyroplnl fibres particularly, 
and in many parts the collagen fibres also, he m a cleai substance 
winch is unaffected by any of the constituents of Orban's stain 
except sometimes Azur II In a normal tooth this material, if 
present, is completely masked by other stamable constituents, and 
the fibrillar structure can only be demonstrated m the odontogenetic 
zone by the same method A gioss deficiency of cementing 
substance is therefore probable though deficiency of collagen may 
also be a cause 

Calcification 

The softness of the teeth on grindmg and the lapidity with 
which they became decalcified show that calcification was in- 
sufficient , though the tendency of the teeth to spht to lose their 
enamel and to break up without canes in the mouth may be due 
to the deficiency of collagen But the translucent appearance, with 
absence of the granular layer of Tomes’ and obliteration of dentinal 
tubules, suggests that a considerable degree of secondary calcifica- 
tion occurred 

Chronology 

The fact that some investigators found no changes in teeth from 
cases of osteogenesis imperfecta wlule others did so might be 
explamed on the ground that only those teeth or parts of teeth 
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Fig 10 — Pulp remnant m samo tooth as fig 9 r showing diffuse calcification of 
pulp and abnormal calcified tissue about it Hrcmatoxylm and cosin X40 

Fig 11 — Section of root of third molar Peripherally aro thick layers of cementum, 
replacing in some parts tissuo previously absorbed Proceeding towards tlio 
pulp, a layer of good dentine is next reached, tlion abnormal dentine containing 
radiating capdlanes each surrounded by dark-staining collagen. Next, in the 
lower half, comes a lme which defines the limit of previous absorption of dentine 
from the pulp side The absorbed dontine has been replnced by further 
calcified tissue (very dark), and this in turn has now been partly absorbed all 
along the pulp side Orban’s stam X 12 

Fig 12 — Third molar root., showing evidence of extensive absorption of the pulp-wall 
and of calcified tissue within the pulp The porous character of the last-formed 
“ dentine ” can also be soon Van Gieson X 60 
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Tomes’ fibrils were produced at the periphery of the teeth but soon 
the odontoblasts and other cells concerned ceased to form Tomes’ 
fibrils and normal matrix This change occurred first where the 
odontoblasts were oldest, but in a piecemeal manner Focal 
defects m the rate of formation of the matrix led to the inclusion 
therein of blood vessels The peripheral pulp cells produced pre- 
collagenous argyrophil fibres but these were not converted into 
collagen except in the immediate proximity of blood vessels Pulp 
stones of good collagen content occurred in the puddle of the 
dentinal papilla. The matrix was inadequate^ calcified and 
probably lacking m cementmg substance 

At a later stage, v hen no normal Tomes’ fibnis were being 
formed, a tissue resembling primitive fibre bone replaced the 
former pulp cavity Most of the dentinal tubules which had been 
formed became occluded 

I am indebted to Piofessor B Bergorsen of the Tnnnlacgehoeiskole, Oslo, 
foi tho oppoitumty of cxamnnng the sections fiom his case of osteogenesis 
imperfecta , to Dozont Dr Gostn Wbstm of Karolinska Institutets, 
Stockholm, for allowing me to study his human scorbutic material , to 
Dr I Scliour of tho University of Illinois for tho gift of sections , to Dr Evelyn 
Sprawson for tho loan of specimens , and to Mr J F Dudley, who lias mado 
all tho microscopical propaiations and photographs 
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Any freshly drawn exudate may be used , if, as in the experiment recorded 
here, fluid from a bum bhstei is used, tho bum must have occurred at least 
24 hours before As a control fluid any transudate, normal sorum or saline 
may bo used , broth is unsatisfactory as it may contain a similar toxic 
substance hborated during the incomplete digestion of protein by trypsin 
The results are set out m the table Tho survival time in the experi- 
mental animals was reduced to half that in tho controls One of tho control 
animals died of shock following tho injection and one other control was killed 
for histological examination on the day on which the lost experimental 
animal died This experiment has been confirmed with other groups of 
animals and with other samples of exudate, including tho clinically relevant 
“ simple pleural effusion ” 


Morbid anatomy and histology 

The morbid anatomy and histology of the two gioups confirmed tho 
differences betweon them 

Tho spleen, liver and lungs wero constantly affected involvement 
of other organs was variable 

The individual lesions in tho control group u oro small submiharj tubercles 
Microscopically tlioro was good fibrosis, littlo if any necrosis, a good cellular 
reaction of healthy mononuclear colls and lymphocytos, an occasional poly- 
morphonuclear cell and many well formed giant-cell systems (fig 1) Not 
more than one or two bncilli wore seen m a microscopic field (1/12 m 
objective) In most of tho sections no bacilli wore seen 

In the experimental group tho appearance was that of much more active 
disooso Tho lesions were largei (though not noticeably more numerous) 
and necrotic and tended to be confluent Microscopically there was scarcely 
any fibrosis, necrosis was marked, the cellular reaction, such ns it was, 
contained many more polymorplionuclenr colls, most of the mononuclear 
cells wero dogenerato and giant-cell systems wero either absent or very 
poorly formed Tubercle bacilli were abundant m all fields, and m some 
organs, notably tho lungs and spleen, thoy were uncountable 

Taking tho individual organs, the spleen showod tho most striking 
differences (figs 1 and 2) In the experimental group it wns vory large — up 
to three times as long as m tho control group where only slight onlaigement 
above tho normal was seen Intense engorgoment was also present , in fact 
spontaneous rupture was the causo of death m an experimental animal of 
another series Microscopically all structure was lost within the lesion and 
bacilli wore present throughout it 

The liver showed the fibrosis in the controls and the necrosis in the 
experimental animals particularly well (figs 3 and 4) The lungs showed 
localised septal lesions in tho controls compared with confluent pneumonic 
lesions in the others (figs 5 and G) 


Discussion 

The differences shown m these experiments can bo demonstrated whether 
the number of organisms moculatod is small or largo, though the survival 
time of the controls is mainly dependent on the dose Tins is in agreement 
with Kettle’s observations (1927) on tuberculous lesions in the presence of 
a non-specific irritant such as turpentine 

It does not follow that all strains of tubercle bacilli will give identical 
lesions , those here described apply to five of the six strains so far tested, 
the romammg strain, though also from human sputum, was more virulent for 
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for three months, thereafter monthly to six months and again at nine months 
As the milk inoculum produced enough opacity to interfere with tho detection 
of growth a further subculture in glucose broth was made At tho end of 
six months the biochemical reactions of all viable strains were retested 


Beaulta 

Mill medium (a) At 37° C At the end of three months eight strains 
were living , tho other four had died by the eleventh week The clotting 
of the milk and tho contraction and drying that had occurred rendered this 
set of tubes useless despite the paiaffin seal and they were discarded 

(b) At room temperature The result was similar to that obtained with 
the cultures kept m the incubator, ton strains being viable after three months 
Tlus set u as also discarded 

(c) At 8° C The majority of tubes showed no clotting and were thus 
more easily handled At tho end of three months nine strains wore living, 
but only five survived for six months 

Broth medium (a) At 37 s G So much evaporation occurred that the 
tubes were discarded after eleven u celts Seven strains were viable at this 
time 

(b) At room temperature Although seven strains survived for three 
months, this set was also discarded because of tho amount of evaporation 
that had occurred 

(c) At 8° C Unfortunately these cultures were contaminated by fungi 
at an early date 

Cooked meat medium. Tlus pro\ed to be the most satisfactory of the 
media tested At three months all strains at each temperature were viable 
After six months, mno strains maintained at 8° C were viable, eleven at room 
temperature and ten at 37° C All these strums were tested for purity, 
colony form, morphology, fermentation reactions and acid production 
Only minor changes wore detected, mainly in the morphological and colonial 
characteristics 

At the end of nine months there were eight surviving strains at 37° C , 
eight at 8° C but only six at room temperature 


Discussion 

, Wadsworth (1927) suggested that L acidophilus should bo incubated 
at 36 - 36° C in a milk medium for 24 hours and stored at 4 - 8° C for 
24 hours, whereas Rockefeller (1925) recovered lactobacilli from milk which 
had been sealed for 10 years Again, White and Avery (1909-10) were able 
to maintain strains m milk foi 3 1 days at 26° C , or at refrigerator temperature, 
without difficulty, whilst Ennght, Friesell and Trescher (1932) maintained 
stock cultures in milk by bi -monthly transfers for over a year 

The results of our observations indicato that tho maintenance of oral 
strains of L acidophilus is not difficult Milk medium, which is clotted by 
these organisms at 20° and 37° C , is less conveniently handled than cooked 
meat medium Although the storage temperature does not seem to be of 
much importance, on general considerations it would seem preferable to keep 
the cultures at refngeratoi temperature 

Summary 

Twelve or&l strains of lactobacilli were maintained without subculture for 
at least three months m cooked meat medium at 8°, 22° or 37° C 
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give rise to freak staining as usual The dyes puncipally used have been 
Grubler’s granular methyl blue and the E AL biand (Kuhlmann, Pans) 
of eosin 

Apart from the preliminary mordanting, the method aims at following 
the directions given by Mann, and the proportions of the dyes in the mixture 
are those stated by lnm, namely, to 100 c c of distilled water add 35 c c of 
1 per cent aqueous methyl blue and 45 c c of 1 per cent aqueous eosm 
The proportions of these dyes aio not always correctly given in reference 
books, and motliylone blue cannot be substituted for methyl blue 

Ammonium molybdate was one of the mj olin mordants used by Bolton 
(1897-98, 1898-99) for staining frozon sections of neivous tissues by the 
Weigort-Pal method Its greatest use as a myelin mordant m my cxpenonco 
lias been to revive sections of cliromioised material, embedded in celloidin, 
which lias turned green through prolonged keeping in dilute alcohol Old 
matenal of this typo is often wasted bocauso the myelin stains very badly 
with the hicmatoxjhn and tlio nuclei with stains such ns alum caimme 
Remordantmg in ammonium molybdato restoios to a large extent the affinity 
of these tissues for tlicir respective dyes 
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The problems on which he was engaged during his sojourn m 
the Wellcome Laboratories were of a kind that demanded team 
work, and almost all he did was done in collaboration with others 
For him this was no hardship He had nothing of the recluse 
He was fertile in ideas and active and critical in working them 
out, but he liked nothing better than discussing them with others, 
even m their embryo stages His mmd worked best in the open 
The quantitative methods demanded in the assay of immunological 
reagents made a strong appeal to him, and m later years he often 
stressed the value of the discipline which such work imposed 
He was equally attracted by the practical apphcation of the reagents 
he helped to prepare and standardise m the prevention and treatment 
of disease He never fell into the error of regarding the vails of 
the laboratory as the natural boundaries of medical science or of 
believing that the general principles that applied within them 
were inapplicable in the world outside It appeared to him merely 
stupid to take great care to determine the effect of immunological 
reagents on experimental animals without taking equal caie to 
measure their prophylactic or therapeutic effect in man 

His work during these ten years was concerned largely with 
problems relating to prophylaxis agamst diphtheria 01 scarlet 
fever Most of his papers bear other names besides Ins own 
R A O’Bnen, P Hartley, the late A J Eagleton, H J Parish, 
T. Dalhng and others collaborated with him, or he with them 
From 1924 to 1930 most of his work was done with Parish 

His contributions to the problem of Schick testing and diphtheria 
prophylaxis include papers on the Schick test and active 
immunisation (1923), on the preparation of stable toxin dilutions 
for Schick testing (1927-28), on the permanence of the Schick- 
negative state (1928) and on the reputed occurrence of diphtheria 
m Schick-negative reactors (1929) In 1924 he also published, 
in collaboration with A J Eagleton and R A O’Brien, a description 
of a method, based on Schick testing and immunisation, by which 
an outbreak of diphtheria in a school or similar institution could 
quickly be brought under control 

Between 1924 and 1932 he published eleven papers dealing with 
one problem or another m connection with the prophylaxis of 
scarlet fever or wutli the preparation and use of scarlatinal antitoxin 
His papers with Parish on the standardisation of tlus reagent, 
pubhshed m 1927, formed, at that time, an important contribution 
to a difficult technical problem 

Other subjects commg V'lthin the essential activities of the 
laboratory and on which he pubhshed papers included the 
standardisation of tuberculin and of Shiga antitoxm In relation 
to the former, he played a part in showing that the precipitin 
reaction does not afford a reliable measure of activity But his 
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Lewis and Giant had shown, give rise to ulcerative endocarditis 
m a high proportion of congenitally defective heart valves The 
second paper, published in 1936 and again m collaboration until 
S D Elhott, was of even greater practical importance Making 
use of the methods of serological typing which had already proved 
so successful m tracing the souice of infection m pueipeial fever 
caused by haanolytic streptococci, they investigated the occurrence 
of cross infections -with these organisms m otorlunological waids 
The lesult w as a clear demonstration that such hospital infection 
was very frequent and often very senous It became clear that 
the prevalent methods of nursing and isolation w ere failing to 
prevent the spread of infection from one patient to anothei'and 
that new methods would have to be devised Subsequent experience 
has shown that this is a general and not an isolated phenomenon, 
and the evidence that has accumulated since Okell and Elliott’s 
papei was published has raised as an urgent pioblem the revision 
of our methods of controlling ward infections, not only m oto- 
llimological wards and in fever hospitals but m general hospital 
practice as well 

These two investigations mailced the end of Okell’s active 
laboratory caieer The rheumatoid arthritis which so severely 
crippled lum duimg the last five years of Ins life began to cause 
senous trouble in the latter part of 1933, and a year later he was 
compelled to go into University College Hospital for treatment 
He spent the summer of 1935 at Lewes without appieciable benefit, 
and m August he returned to hospital, there to remain for over 
a yeai , In the autumn of 1936 he went down to the Hospital for 
Officers at Bnghton, remammg until October 1937 The active 
stage of the disease had at last become arrested, but he was left 
with an ahnost completely rigid spine and severe and peimanent 
damage to many joints, especially of the lower lunbs 

Okell’s reaction to lus painful, cnpplmg and long-continued 
malady was something to marvel at He took it not merely 
philosophically — fully prepared to make the best of a bad job — 
but in a spirit of optimism and even of light-heartedness winch 
was an inspiration to all who knew hmi Friends who called to 
cheer and comfort lum were themselves consoled It is extra- 
ordinary to think that the httle slat entitled “ On the quantitative 
study of tumours,” which was published anonymously as an 
inset to the January 1937 number of the Journal and which brought 
delight to pathologists and others the woild over, was wiitten m 
the autumn of 1936 when his physical state w r as just about at its 
lowest We must not fail to mention also lus delightful, witty 
and amusing contributions to the Lancet’s “ Giams and scruples ” 
senes, entitled “ From a bacteriological back-number ” Pubbslied 
during January 1938, just a year before his death, they show better 
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problems of bacteriology and pathology as he felt they deserved, 
mstead of cramping and distorting them within the hmits set by 
an overcrowded hospital curriculum In the last year of his hfe 
he was expandmg tins supervisory teaching Had he lived, there 
can be httle doubt that he would have taken an increasingly 
important place in the sj^steru of pre-ckmcal medical education 
that is peculiar to the older universities 

Okell’s association with this Journal covered a period of five 
3 r ears He was appointed an assistant editor in July 1932 and 
resigned on accepting office as editoi of the Journal of Hygiene 
m July 1937 He took his duties very seriously and, there can 
be no doubt, thoroughly enjoyed the work During the years 
of his invalidism it was obviously a source of deep satisfaction to 
him to feel that he was not wholly laid aside, but able to be of 
some use in the world On 26th August 1935 he wrote — “Don’t 
hesitate to send me stuff, wlule I can I like to do it, and there 
are not many other things one can do while tying on one’s back ” 
Even during the period of Ins greatest incapacity he continued 
to perform Ins editorial duties, Ins daughter actmg as his amanuensis 
In readmg MSS he had a remarkable faculty for sifting the wheat 
from the chaff, and his wide knowledge of bacteriological literature 
stood lum m good stead when he came to assess the degree of 
originality in papers submitted for pubhcation As an editorial 
colleague he was ideal, and his frequent letters nearly always 
contained much general entertaining matter m addition to what 
was strictly business 

Apart altogether from his scientific and professional work, 
Okell was a man whose lively mind evoked a response m all with 
whom he came in contact Next to his interest m science came 
his interest m literature , and, as any serious student must, he 
speciahsed m both His knowledge of the work of Marlowe and 
his contemporaries was of the same high order as lus knowledge 
of bacteriology But he was no rigid speciahst. He knew more 
than a httle of the literature of theology and ethics and -was quite 
prepared to support an argument m either. 11 Art and music 


* “ I have just been reading with much interest Moffatt’s modem translation 
of the New Testament Much as I love the authorised version I have to admit 
that in many places the modem translation is streets ahead in getting the humanity 
out of tho story Much of the New Testament is intensely vivid and natural m 
its narrative whi’e m the authorised version the mental imagery is superb but 
the simplicity is for complex reasons submerged For example the stoiy of Fam s 
shipwreck m the Acts reads in Moffatt like a page of Robinson Crusoe and the 
passages in the Gospels and the Acts where Chnst or Paul as tho case may be 
answers hiB accusers m the Roman Court ore to my mind incomparably more graphic 
than m the old version The some with the Paulino Epistles Much of the 
incomparable grandeur of language is wanting, but the Epistles become perfectly 
straightforward bits of popular preaching mstead of the comphcatod theological 
treatises of the old version I beliei e that it would do much to re\ ive the wanrng 
popular interest m the Bible if these modem versions wore more freely circulated 
— C C O , 3rd July 1937 
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H J Parish and C C Okell The titration of scarlet fever antitoxin m 
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of surprise and dismay Yet after reading the preface one realises that 
this httle manual has been quite literally called for and that it is in 
effect a comprehensive answer to those who have sought or might seek 
the author’s advice and assistance m this field of histological technique 
The title, moreover, gives a very modest indication of the real scope of 
the work Methods for the demonstration of all the more important 
structures and morbid products in the central nervous system are 
described and the worker m neuropathology wh6 is not particularly 
concerned with tumours will nevertheless find much of value in its 
pages The inclusion of one or two really demonstrative methods for 
glia fibres would, in fact, have made the book a complete pnmer of 
neurological technique 

“ The notes are confined to a selection of methods which have proved 
satisfactory ” Herein lies the chief virtue of the work Life is short 
and methods multiply , and details of one procedure that will work 
are of more value than the choice of a dozen that may not There 
are several fine plates which show that the methods described do work 
to great advantage but, as the author emphasises, good results can be 
obtained only by employing reagents of high quality, especially for 
fixation 

In brief, this is an excellent practical manual, based on personal 
experience, clearly written and eminently helpful 

Studies on the size oi the red blood cellB especially in some anaemias 

By Erik Mogensen Copenhagen Ejnar Munltsgaard, London 
Humphrey Milford, Oxford University Press 1938 Pp 216 , 
43 text figs 12s 6d 

The technique elaborated by Price-Jones for investigation of tlio 
variations in diameter of the red cells has been employed by a number of 
research workers in haematology , the majority of these have been 
content to use it as an accessory investigation and have not always 
appreciated to the full the significance of their findings ; others have 
found it a means of supporting their views in defiance of its mathematical 
implications Dr Erik Mogensen bases lus book upon a large number 
of estimations by the Pnce- Jones method supported by other and 
more routine hsematological investigations, and ho has recorded his 
findings and drawn his conclusions with care and discrimination A 
certain amount of this work has been done before , that upon normal 
subjects, cases of pernicious anremia and microcytic anaemia by Pnce- 
Jones himself, that on other amemias by many workers who are quoted 
by Dr Mogensen The book owes its value to the author having put 
into it his own extensive investigations on most of the varieties of 
anaemia, and to lus having compared them with the findings of others 
In so doing he has, perhaps inevitably, raised more problems than he 
has solved, a fact which makes lus book especially stimulating to the 
research hsematologist a considerable amount of work by others is 
confirmed and a certain amount debunked, whilst lus own views are 
recorded with due moderation 

In the first chaptor the history of the measurement of the erythrocytes 
is recorded from the initial observations of van Leeuwenhoek, while 
the second deals with the Price-Jones technique and the ways by which 
the measurements con be turned to statistical use Tins chapter, a 
hard one for the non-matliematically-minded reader, besides discussing 
the methods of calculating mean diameter and coefficient of variation, 
describes the means by which the author decomposes lus curves The 
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reference for the virus research worker To others outside this field it 
can have littlo appeal and to all who essay the task it will prove heavy 
reading There is littlo uniformity cither of purpose or of presentation, 
and one lays down the work until less real understanding of what viruses 
are or do than after rending, for instance. Sir Patrick Laidlau's Rede 
lectures of 1937, which occupy but a fraction of the space 

The introductory section of 110 pages by Professor Doerr is an 
attempt to give a comprehensive view of the virus field as a whole 
Most of the information m it is repeated by subsequent contributors 
Bacteriophage is included in several places in the work, apparentlj 
because we know oven less about its real nature than is known about the 
nature of viruses Dr Elford contributes a large section on the size of 
viruses and bacteriophages This is a subject which the author has 
made peculiarly Ins own and the section contains, therefore, a great 
deal of practical information, some of it not hitherto published The 
author is to bo congratulated on a dear presentation of the subject and 
on the wealth of data, particularly ultra -filtration dnta, which is made 
available It is a pity that tho limitations of the techniques which he 
describes aro not discussed more frankly The virus sizes m many 
cases are given with tolerance limits, which can only be described as 
optimistic 

Dr M Kaiser contributes a useful and nicely illustrated section on 
staining methods for viruses Dr Hnitmgers article on fluorescence 
microscopy is interesting in relation to the fluorescence microscope but 
not very communicative on the subject of viruses The difficult subject 
of inclusion bodies is admirably treated by Dr G M Fmdlaj, the 
bibliography to this section extending to no less than 400 references 
In the section on cultivation Dr C Hnllauor deals exliaustiveh with 
the problems of virus growth m association with tissue explants and 
Dr F M Burnet describes tho technique of cultivation on the chorio- 
allantoic membrane of the developing chick, a method which since its 
introduction in 1931 by Woodruff and Goodpasture has found a steadilv 
increasing field of usefulness A particularly instructive part of this 
article deals with the methods of titrating viruses on the cliorio-allantois 
and with the interpretation of the results 

The concluding section to this volume is by Dr W M Stanley on the 
biochemistry and biophysics of viruses The writer reveals an expert 
knowledge of both animal and plant virus fields In dealing with the 
former there is naturally some overlapping with Dr Elford’s article 
It is interesting to note that Stanley has decided at last to witlidiaw 
lus earlier criticisms of the evidence by Bawden and Pine that the 
nucleic acid in the tobacco mosaic protein is indispensable to the activity 
of the virus This author’s concluding statement that " the evidence 
available at present is assuredly too meagre to justify the classification 
of the elementary bodies of vaccinia or, for that matter, of the tobacco 
mosaic virus protein with either ordinary molecules or ordinary 
organisms ” wall meet with the approval of most readers 

The most serious objection to this excellent book is its price — rather 
more than £5, 10s unbound Even with the 25 per cent discount 
allowed to foreign purchasers, this figure must be very deterring W 0 
are informed that the second half of the complete work, to appear 
shortly, wall contain chapters on (a) virus agents in relation to infection, 
(6) natural and acquired immunity, and (c) the experimental m\ estiga- 
tion of plant viruses Two appendices containing summaries of annua 
and plant viruses together wnth a subject index will complete the work 
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bacteriology, not as a guide to tccluucal procedures but as an outline 
of bacteriology as applied to clinical medicine 

After some brief introductory remarks on apparatus, methods, 
and the classification of bacteria, a considerable amount of attention 
is given to infection and immunology m its many aspects, a useful 
chapter being included on the management of infectious diseases 
Subsequent chapters deal with the infections associated with a particular 
organism or group of organisms, c g streptococcal, pneumococcal, 
coliform and enteric infections etc , virus infections and one on normal 
bacteriology m the last-named the section on the alimentary canal 
is particularly useful Thoro is a short appendix on the collection of 
bacteriological specimens, routine staining methods, commonly used 
culture media, routine serological tests and the preparation of vaccines 
The book contains a disconcerting number of inconsistent statements 
(compare for example the differential reactions of the dysentery bacilli 
as given in the tables on pp 219 and 227), and minor inaccuracies, 
for example “ Chas Hearsan & Co ” (p vi), the “ convex ” mirror of 
the microscope (fig 2), “ insulation ” for inoculation (fig 20), “ mjest ” 
for ingest (p 47), “ objection ” for objective of the microscope (p 244), 
“ blood strain ” for blood stream (p 245), “ Ziehl-Neelson " (p 246), 
“Hampster” (p 248), “V metchmkovi ” (p 318), “Mandeban” 
(p 359), the “ shot-like pupulcs ” of smallpox (p 362), “ the 37 per cent 
incubator ” (p 408) and so on Jenner’s classical inoculation experiment 
with cowpox to protect against smallpox is stated to have been made 
“ in the middle of the nineteenth century ” » Both burned production 
and careless revision are clearly indicated 

Most of the illustrations are quite good , a few are frankly poor 
and teach one nothing, e g the tubes of culture media 

As it stands one hesitates to recommend this book to students , 
•with careful revision it could be rendered both reliable and useful 


Die Entstehung- des Lebens durcb stetige Schopfung 

By Ignaz Lichtig Amsterdam N V Noord-Hollandsche TJitgev ers 
Mij 1938 Pp xx and 371 , 4 text figs Dutch guilders 6 (bound 
7 50) 

It is curious that when confronted with a difficult synthesis and 
interpretation of fact, many scientists should prefer the fire to the 
frying pan For instance, in order to explain the similarity between 
5 per cent of the floras or faunas of two continents, authors have simply 
postulated a land bridge connecting them, -without realising that they 
are then confronted with the greater difficulty of explaining why 
95 per cent, of the inhabitants of these two continents are different 
The author of this book avoids tlus particular pitfall but falls into a 
much more serious one The anomalies of discontinuous geographical 
distribution of related organisms and the difficulty of finding direct 
ancestors among fossils lead him to suppose that each speoies has been 
independently evolved from its own Protist ancestor But this poly- 
phyletic view of evolution provides no explanation of the facts ot 
morphology, or of the intricate structural resemblances between 
organisms which we regard as related by genetic affinity and common 
descent That man should have evolved is, from the physical point 
of view, a highly “ improbable ” event , so is the evolution of the 
chimpanzee, of the gorilla and of the orang But that the extraordinary 
degree of resemblance between these speoies should be due to independent 
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for example, and much of the hrematological chapter is theoretical, 
while many little snippets of information aro provided which it would 
surely have been better to omit on the assumption that the readers of 
this book had undergone a sufficient medical and scientific training to 
be able to understand the subject mattei As an example (p 291) 
“ Mitosis is indirect cell division or karyokmesis It is the typical mode 
of division of active somatic cells and germ colls ” If the author 
assumes, as he does, a knowledge of what is meant by a somatic cell 
and a germ cell, why not assume the same for mitosis ? By dispensing 
with much of this irrelevant and unnecessary matter it ought to have 
been possible to produce a smaller, more convenient and less expensn e 
volume than the present mighty tome 

Apart from these criticisms, wo can only speak in very faxourable 
terms of Dr Gradwohl’s new edition The general arrangement, 
printing and photography are excellent and the accuracy of the index 
and page references is beyond reproach The method of airangement of 
the different chapters is practical and helpful, usually commencing w ith 
methods of collecting and preserving specimens, followed bj detailed 
descriptions of technical procedures and ending with the interpretation 
of the findings Three hundred pages aro devoted to haematologj , 
as the author believes that the blood is one of the most important fields 
m laboratory work Discussion of the origin of blood cells, their 
nomenclature and the physiology of the lnemopoietic organs and blood 
cells is followed by details of technical procedures, special emphasis 
being laid on the Schilling method The coloured plates of blood and 
bone marrow smears are very successful A serious omission, how ei er, 
especially to workers m this country, is the failure even to mention the 
work of Pnce-Jones We think it would have been well also to have 
included some more accurate method for the estimation of xed cell 
fragility. The book concludes with a comprehensive chapter on 
parasitology and tropical medicine, m the revision of which the author 
has had the co-operation of Professor Pedro Kouri of the Unnersity 
of Havana, Cuba The abundant leferences to recent literature should 
be useful 
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